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NACREOUS PIGMENT COMPOSITIONS 
Howard R. Linton, Scotch Plains, NJ., assignor to E. I. 
du Pont de Nemours and Company, Wilmington, Del., 
a corporation of Delaware 

No Drawing. Filed June 28, 1961, Ser. No. 120,157 
15 Claims. (CI. 106 — 291) 

This invention relates to new pigment compositions. 

There are many types of pigments recognized in the 
prior art. Among such pigments, attention may be drawn 
to the opaque, high hiding power pigments typified, for 
instance, by titanium dioxide as a white pigment and by 
the various iron oxides as colored pigments. It is well rec- 
■ ognized that the particle size of such pigments has a pro- 
found effect upon their value as pigments, as exhibited in 
the appearance of compositions in which these pigments 
are dispersed. Such pigments are generally composed 
of small irregular particles which behave as small spheres 
in their interaction with light. To achieve the optimum 
of opacity and hiding power, the particle size of such 
pigments is controlled to result in the maximum scatter- 
ing of the incident light by coating compositions con- 
taining these pigments. It has been shown by both theo- 
retical calculations and by practical tests that the light- 
scattering function increases as the diameter of the particle 
increases from about 0.1 micron to about 0.2 micron. 
At 0.2-0.3 micron, there is usually a maximum scattering 
and then, as the particle size increases further, a rather 
abrupt drop in scattering power. 

Thus, the optical units of prior art high hiding colored 
and white pigments are generally particles of irregular 
shape, in the order of 0.2 to 0.3 micron in diameter, 
which refract and scatter light in substantially the same 
manner as spheres of very small size. A light beam which 
falls upon a surface pigmented with such optical units is 
refracted by each particle it encounters in a completely 
random manner, and the light is ultimately, in effect, re- 
flected from the film in a random scattering. In the case 
of colored pigments, some of the Wave lengths of light are 
absorbed so that the reflected light is composed of the 
remaining wave 'lengths of light and is thereby colored. 
In the prior art manufacture of such pigments, it has been 
a principal aim to maximize the random light scattering 
by control of particle size and shape. 

Another class of pigments widely used in the prior art 
may be designated under the general term "flake pig- 
ments." In one of the oldest uses of such pigments, the 
.flakes are used as reinforcing and protective pigments 
wherein the flake-like particles are oriented in a leafing 
or overlapping fashion, more or less parallel to the sur- 
face of the paint or other film, and thus create a physical 
barrier to the penetration of the film by deleterious agents 
as well as. providing a reinforcing effect. Water-ground 
white mica in small sizes (200-325 mesh) has been 
widely used for this purpose. It as substantially color- 
less, and its refractive index (about 1.55) is essentially 
the same as that of the common paint vehicles; thus, it 
has a negligible effect on the visual properties of the film. 
However/when used in low refractive index vehicles or 
when partially exposed to the air, mica has a reflective 
and sparkling effect and has, on some occasions, been 
used for this effect. 

Atwood, in U.S. Patent 2,278,970, has combined the 
: reinforcing effect of mica with the high hiding power 
properties of other pigments, such as titanium dioxide, 
to give a composite pigment which is said to be an inti- 
mate association of mica with another pigment, exhibiting 
the general properties of the second pigment, but without 
the sparkling effect of the mica. In order to hide the 
sparkle of the mica and to obtain the general appearance 
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of the second pigment, the particle size of this second 
pigment must be such as to result in a maximum, or a 
near-maximum scattering of light. In the case of titanium 
dioxide, particles in the range of 0.2-0.3 micron in diam- 
eter are necessary to achieve this result. 

Other types of flake pigments include metal flakes, 
especially aluminum in various particle sizes, which have 
been used both for the purpose of reinforcing effects 
and for the essentially opaque character and shiny sur- 
faces of such flakes, giving a film with the appearance 
of a metal surface. 

Metal flake pigments, such as aluminum, have also 
found wide use because of their decorative effect, espe- 
cially when mixed with other pigments, to give the well 
known "metallized" appearance of many automotive 
finishes. Despite their desirable appearance, such metal- 
lized finishes have certain well recognized defects, in- 
cluding a tendency to water spot, which is a persistent 
discoloration of the finish when water is allowed to stand 
on it in drops, especially when the water is slightly alka- 
line as from a detergent. It is also common to find that 
a mixture of aluminum flakes with a colored pigment is 
less lightf ast than the colored pigment alone. 

A third and more specialized use of certain flake pig- 
ments is to create finishes with a nacreous or pearl-like 
effect simulating the appearance of mother of pearl 
with its three dimensional effect of luster in the depth of 
the film. Pigments having this effect are non-opaque with 
a high refractive index and vary in nature from an ex- 
tract of fish scales, essentially the organic compound 
gaunine, to flake-like crystals of certain inorganic salts, 
notably basic lead carbonate and lead acid phosphate. 
In spite of their valuable decorative properties, these 
products have well recognized deficiencies such as: 

(.1) They cannot, in general, be handled in dry form 
but must be stored and marketed as dispersions in the 
- selected vehicles in which they will be used. 

(2) Their lightf astness does not meet the demands of 
many outdoor uses. 

(3) They are inherently very expensive to manufacture. 

(4) The presence of lead compounds is frowned upon 
in many potential uses. 

This invention provides a new group of nacreous flake 
pigments which can be marketed in a dry, easily dis- 

. persible form, which have excellent lightfastness, are gen- 
erally non-toxic in character and relatively low in cost. 
They are capable of being formulated to give very desir- 
able nacreous effects and, moreover, within the broad 
group, there are many products with pronounced color in 
addition to their nacreous character, the color being de- 
rived, at least in part, from the, optical phenomenon of 
interference. Furthermore, these products may also be 
formulated to simulate a metallized appearance com- 

' pletely free from the water spotting so characteristic of 
finishes based on aluminum flakes. Finally, since they are 
flake-like in nature and chemically stable, they have the 
added ability to serve as reinforcing pigments. 

AH pigments exhibiting nacreous effects when dispersed 
in vehicles have certain common optical and physical 
characteristics which set them apart from the iusual 
colored pigments and white pigments of commerce. In 
contrast to the irregularly shaped pigment particles de- 
scribed above, which behave optically much like small 
spheres, nacreous pigments are non-opaque flake-like 
products in which the optical units are extremely thin 
flakes, at least about 5 to 10 microns in major diameter 
and in the range of about 0.1 to 3 microns in thickness. 
Such optical units minimize the scattering of light and 
result in direct reflectance or sparkle. 

Furthermore, all nacreous pigments must be trans- 
parent or translucent in character, and they must exhibit 
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a substantial difference in refractive index from the medi- 
um in which they are dispersed. Thus, the common coat- 
ing composition vehicles, plastics, and the like have re- 
fractive indices generally in the range of about 1.5 to 1.6. 
Those pigments which have been known in the prior art 
as nacreous pigments have, in general, refractive indices 
in the range of about 1.8 to 2.6. Most prior art nacreous 
pigments are thin flakes of a definite chemical compound. 
These thin flakes, in the presence of a vehicle of low re- 
fractive index, exhibit the optical behavior of thin films 
including light interference and a resultant interference 
color characteristic of the thickness of the film. However, 
the prior art flakes exhibit more or less random thick- 
nesses, and the average effect is a blending of colors to 
give a nacreous or pearl-like appearance almost free of 
distinguishable color. 

The optical principles which explain interference colors 
are well known and are discussed in many textbooks of 
physical optics such as Robert W. Wood, "Physical Optics, 
3rd edition," New York, 1936, page 198. Briefly stated, 
interference is an optical phenomenon associated with the 
reflectance of light from the surfaces of thin films, wherein 
there is a reduction in the intensity of certain wave 
lengths of the incident light (destructive interference) and 
, reinforcement of other wave lengths (constructive inter- 
ference). The extent to which particular wave lengths are 
affected is dependent upon the thickness of the film and 
its refractive index. When the thickness is such that a 
ray reflected from one surface of a film is out of phase 
with a ray which has passed through the film and been 
reflected from the other surface, there is destructive inter- 
ference. 

Since there is a phase reversal when light is reflected 
from the surface of a medium of higher refractive index, 
the condition of maximum destructive interference (mini- 
mum reflectance) is satisfied when the effective optical 
path (thickness multiplied by refractive index) in a film 
of high refractive index in one wave length or a simple 
multiple thereof. Considering the refractive index, M N," 
of the film, the thickness (f ) thereof for destructive inter- 
ference with any wave length "V is given by the formula 

. n\ 
l "2N 
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coated mica to give new products with an enhancement 
of color and improvements in other properties. When 
dispersed in a conventional manner as pigments in various 
systems, the compositions so obtained exhibit novel color 
effects, including a brilliant nacreous luster and, especially 
when viewed at the specular angle under bright illumina- 
tion, as in the sunlight, they exhibit a striking iridescent 
sparkle on a background of a predominating color. When 
the oxide coatings are all inherently colorless, the ob- 
served color is solely the result of optical interference 
and varies in hue from a silver pearl through gold and 
red to blue and green as the thickness of the combined 
oxide layers increases. When a colored^ oxide is coated 
onto a titanium or zirconium oxide layer, both the in- 
15 herent color of the second oxide and the interference color 
of the combined layers may be observed as a variety of 
spectacular effects. 

The new nacreous flake pigments of this invention com- 
prise two parts— (1) a non-opaque flake substrate, and 
20 (2) a thin, adherent, translucent layer of metal oxide of 
selected small particle size deposited thereon which metal 
oxide layer must include a layer of titanium oxide or 
zirconium oxide and may include a second oxide, either 
as a separate layer or in admixture with the titanium or 
25 zirconium oxide. 

In a preferred embodiment of this invention, the non- 
opaque flake substrate is a flake-like micaceous mineral, 
usually muscovite mica, in a selected particle size range! 
Such flake substrates useful or the purposes of this inven- 
30 tion are particles which have two dimensions (length and 
width) of similar magnitude and characteristically much 
greater than the third dimension. Specifically, the pre- 
ferred flakes of this invention are at least about 5 to 10 mi- 
crons in a major dimension and in the range of about 0.05 
to 1.0 micron in thickness. For most pigment purposes, 
the upper limit in the major dimension is from 50 to 100 
microns. However, for specialized uses such as in plastic 
articles of appreciable thickness, linoleum, and the like, 
larger flakes up to as much as 1 mm. length may be used 
for special decorative effects. The lower limit in thickness 
of the mica flake is determined to a large extent by the 
physical strength of the flake and may be as little as 0.05 
micron or even less, while an upper limit of about 3.0 
microns, accompanied by a correspondingly greater length 
small whole number usually not greater 45 a . nd width > » feed by the effect on the coating composi- 

tl0n surfaces. Such flakes must also be substantially 
planar with a relatively smooth and light reflecting sur- 
face and must be insoluble in either water or organic sol- 
vents and inert thereto. 

A satisfactory grade of mica is a water ground white 
mica, frequently used as a reinforcing extender pigment in 
paint, all of which passes through a 200 mesh screen and 
about 90% through a 325 mesh screen. A mica pigment 
meeting ASTM specification D-607-42 is a preferred 
grade. However, for specialized purposes, it is quite pos- 
sible to use flakes which are in the 140 mesh to 200 mesh 
range on the one hand as well as material which is con- 
siderably finer, approaching the 400 mesh size or even 
finer. 

Another measure of particle size, more readily corre- 
lated in many ways with the application of the subse- 
quent metal oxide film to the surface, is the specific sur- 
face area as measured by gas adsorption using the well- 
known BET method. This function has been found to 
vary appreciably from batch to batch of nominally similar 
sized micas. Mica with a surface area of about 3 square 
meters per gram and with a reasonably uniform particle 
size is a particularly suitable form. However, products of 
acceptable properties may be obtained from samples of 
70 mi . ca witn widely differing surface areas provided appro- 
priate adjustments are made in the amount of metal oxide 
applied to form the transparent layers thereon so that the 
use of metal oxide per unit of surface area is appro- 
priately controlled. No arbitrary limits on surface area 
75 can be established, but a range from about 2 sq. meters 
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where "n" is a 
than 5. 

By the same line of reasoning, if the two rays emerge 
an phase, there is reinforcement or a maximum of re- 
flectance. This condition is satisfied, again assuming 
phase reversal, when the effective optical path is one half 
a wave length or an odd multiple thereof, the formula for 
the thickness at maximum reflectance being 

*-C»+M)^ 

where V is 0 or a small whole number usually not greater 
than about 5. 

When "n" is greater than 1, it is common to speak of 
the interference as a higher order, second order, third 
order, and the like. For thick films, there are inter- 
ference bands at various wave lengths in the visible spec- 
trum and the resultant colors are generally low in intensity. 

It is now found that a thin, adherent, translucent layer 
of a colorless titanium or zirconium oxide of a selected 
small particle size can be deposited in a preferred oriented 
arrangement on the smooth surface of a translucent flake 
pigment, such as mica, to give a hitherto unknown family 
of slightly colored nacreous flake pigments which are 
relatively free from random scattering of light and which 
derive their color solely from the optical phenomenon of 
interference. It is further found that an additional ad- 
herent, translucent layer of a second metal oxide which 
may in itself be colored, can be deposited on, or inter- 
mingled with, the titanium oxide (or zirconium oxide) 
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per gram to about 7 sq. meters per gram will encompass 
the products most likely to be desired. 

In addition to the preferred muscovite or white mica, 
other forms of mica such as biotite, phlogopite, re- 
lated vermiculite, and various synthetic micas, especially 5 
those which resemble natural white mica, may be used as 
substrates in this invention. TO obtain these products in 
the desired particle size ranges, it is preferred that they, 
also, be water ground. The introduotion of agents to 
facilitate exfoliation or the introduction of other inert coat- in 
ings which do not materially alter the refractive index of 
the mica nor its receptivity to the subsequently applied 
translucent layer of titanium oxide are contemplated as 
being with the scope of this invention. The inherent color 
of some of these micas influences . the color of the final j 5 
products, but -the interference colors of the films deposited 
will still be present. 

The preferred material for the thin translucent layer 
of metal oxide deposited upon the mica substrate is an 
oxide of tetravalent titanium, such as Ti0 2 , the particles 20 
of which are less than about 0.1 micron in diameter. 
Such a layer of Ti0 2 , as the hydrous oxide, is conve- 
niently deposited upon a mica substrate by suspending the 
mica in a dilute, strongly acidic solution of titanyl sulfate 
at ambient temperature and then hydrolyzing the titanium 25 
sulfate solution by rapidly heating to about 90-100° C. 
and maintaining at that temperature for about 2—3 hours 
so that the hydrous titanium dioxide as formed is con- 
tinuously deposited on the mica with a minimum of forma- 
tion of free hydrous titanium dioxide. Alternately, the 
mica may be suspended in hot water to which is then 
rapidly added a strongly acidic concentrated titanyl sul- 
fate solution, after which hydrolysis and deposition of the 
hydrous titanium dioxide on the mica are brought about 
by continued heating at the boil until hydrolysis is com- 
plete. The choice between these methods is a matter of 
convenience. 

Upon isolation of the resulting pigments by filtration and 
drying, there are obtained nacreous powders exhibiting 
brilliant interference colors when dispersed in a vehicle, 
the predominating color depending (at least in part) upon 
the thickness of the hydrous oxide film. 

The color of the products obtained in this manner is 
rather subtle and is most readily observed when a film 
containing these new nacreous pigments is observed over 
a dark background. In addition to the predominant inter- 
ference color, substantially all of these products show a 
brilliant iridescence or a multicolored sparkle when ob- 
served at the specular angle under bright illumination, as 
in the sunshine. This combination of iridescence on a 5Q 
background of a predominating color is an outstanding 
characteristic of the new products. 

The new products containing hydrous Ti0 2 on mica, as 
directly prepared by the hydrolysis of a titanyl sulfate 
solution in the presence of mica, although very beautiful in g5 
color effects and useful for some purposes where not 
generally exposed to light, are quite photosensitive, show- 
ing marked changes in pigmented compositions containing 
■them on exposure to light. Consequently, they require 
stabilization in this property for their most effective uses. 
This photosensitivity is believed to derive in part from 
either one of two causes. On the one hand, dry hydrous 
Ti0 2 invariably contains an appreciable amount of acidic 
impurities which cannot be removed by the usual tech- 
niques of isolation of the pigment. Partial stabilization 
to sensitivity from this cause can be brought about by the 
deposition of certain other metal oxides, particularly hy- 
drous alumina or hydrous chromic oxide, upon the layer 
before final drying. More effective stabilization is, how- 
ever, brought about by calcination at temperatures in the 
range of 700-1000° C, preferably in the 900-1000° C. 
range. Products obtained by calcination in these temper- 
ature ranges retain their brilliant interference colors to a 
large extent, although the predominant colors shift slightly 
in the direction which indicates a reduction in the thickness 
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of the layer of oxide, as would be expected by the driving 
out of certain impurities, including water and residual 
acid. 

It is well known in the art that certain impurities have 
a profound effect on light sensitivity of titanium dioxide. 
This effect is also found in the pigments of this invention. 
For instance, very small amounts of iron which may be 
introduced through the use of impure raw materials or 
by migration from the mica during calcination are found 
to cause light sensitivity to increase. On the other hand, 
certain impurities may be deliberately introduced by the 
proper selection of raw materials or the addition of 
appropriate salts to the titanyl suflate solution to bring 
about remarkable improvements in reducing photosensi- 
tivity. Compounds of antimony, miobium, chromium, 
tungsten, molybdenum, and even iron when used in sub- 
stantial amounts, serve in this way. An especially val- 
uable procedure is to add small amounts of an antimony 
compound, for instance, antimony oxide (in the range of 
0.5 to 5%, preferably about 2% f based on titanium di- 
oxide present) prior to the calcination. In any case, 
small amounts of a second metal oxide, not exceeding 
about 20% by weight of the titanium oxide, may be in- 
cluded in the titanium oxide layer, either as an impurity 
or by deliberate coprecipitation. 

An alternative procedure for depositing the film of 
titanium dioxide involves the exposure of hot (±600° C.) 
flakes of mica to the vapor of an organic titanate ester 
such as tetraisopropyl titanate in the absence of air or 
30 water vapor, and preferably in a vacuum. Likewise, 
other water-soluble salts of titanium may be used in the 
hydrolysis procedure. Thus, in particular, titanium oxy- 
chloride can be used on the one hand, as can certain 
water-soluble titanium esters such as titanium acetyl 
35 acetonate and triethanolamine titanate on the other hand. 
Furthermore, a zirconium dioxide coating can be used 
in place of the titanium dioxide coating. It may be ap- 
plied in a similar manner, and in similar amounts, by the 
hydrolysis of a solution of a suitable zirconium salt 
4 ^ (zirconium oxychloride or zirconium sulfate, for in- 
stance) in the presence of mica. It is a peculiarity of 
anhydrous zirconium oxide that it has a significantly lower 
refractive index than hydrous titanium oxide so that 
the products containing the simple layers of hydrous 
45 zirconium oxide are appreciably less nacreous in char- 
acter than products containing titanium oxide. How- 
ever, upon calcination, a pronounced nacreous character 
is developed. 

It is also contemplated that a second layer of metal 
oxides may be deposited on top of, or intermingled with, 
the titanium oxide or zirconium oxide layer. This sec- 
ond layer may consist of colorless oxides such as alumina, 
zirconium oxide, zinc oxide, tin oxide, antimony oxide 
and the like, or even a second layer of titanium oxide. 
On the other hand, it may include oxides which have in- 
herent color such as iron oxide, nickel oxide, cobalt 
oxide, copper oxide, or chromium oxide. This second 
layer of oxide obviously alters the thickness of the total 
oxide layer, and thus contributes to the interference 
phenomenon. It may also contribute inherent color of 
its own, together with the interference color, giving large- 
ly unpredictable tinctorial effects of great interest. 

The titanyl sulfate solution used in the preferred proc- 
esses may be obtained in any convenient manner. Thus, 
a relatively pure titanyl sulfate may be obtained by dis- 
solving in sulfuric acid a hydrous titanium oxide pre- 
cipitate commonly obtained as an intermediate in the prep- 
aration of TiO a pigment. However, it has been found 
that such highly pure solutions are not necessary and 
70 that equivalent results can be obtained by using a con- 
ventional titanyl sulfate concentrate prepared from the 
ore and containing a small amount of iron which is 
maintained in the divalent state by the presence of a small 
amount of trivalent titanium in the strongly acid solu- 
75 tion. Thus, the concentration of the titanyl sulfate in the 
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of mica surface exhibit first order interference colors 
and they are preferred materials. 

Col °r: Mg. Ti0 2 per square meter 

Silver 50 to 100 

Gold 100 to 180 

Red 180 to 220 

Violet _ 220 to 240 

Blue 240 to 260 

260 to 280 
to 350 



Green 

2nd order gold . 280 
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The weight of Zr0 2 per square meter will be somewhat 
larger than these figures because of the higher density. 
The general principles, however, apply. 

Another means for measurement of the thickness of 
the Ti0 2 layer in relation to the color, which depends 
upon direct measurement and not upon prior knowledge 
of the nature of the mica or the Ti0 2 coating, is derived 
from the wave lengths of the interference bands using the 
formulas given above in the discussion of interference 
The wave lengths of the interference bands can be readily 
determined from spectrophotometric curves made in the 
conventional manner on dispersion of the colors over 
black backgrounds. From these measurements of wave 



aqueous solution may vary over a range, say, preferably 
from about 2 parts (calculated as Ti0 2 ) to about 20 parts 
per 100 parts of solution. Regardless of the concentra- 
tion, it is necessary that there be free acid in the solution 
at all times over and above that necessary to convert all 
of the titanium oxide to TiOS0 4 . This is necessary to pre- 
vent precipitation of a hydrous titanium oxide at room 
temperature. The titanium oxide art conventionally uses 
a "factor of acidity" (F.A.) as a parameter to define this 
relation where, 

■p ^ _ 100 (total acid — combined acid) 
Combined acid (TiOS0 4 ) 

In the examples below, F.A. values of about 80 for a 
concentrated titanyl sulfate solution and about 220 for 
a more dilute titanyl sulfate are shown. Values in the 
range of about 50 to 300 are preferred for the best re- 
sults. The critical condition is that there be sufficient 
acid to prevent hydrolysis at room temperature but not 
sufficient to repress hydrolysis excessively at elevated tem- 
peratures. The desired conditions will obviously vary 
somewhat with concentrations of reactants and with tem- 
perature and, within within a broad range, the conditions 

may be readily determined by the skilled worker. In 25 length, optical paths can be calculated (vTof^he wave 
general, the preferred F.A. values are within the range length of the first order minimum or Vk of the wave 
considered optimum for the preparation of pigment- length of first maximum), and it follows that the optical 

Sr p dS m , A r • P ? h divided by the refractiv * ^dex gives a calculated 

Regardless of the source of the titanyl sulfate and re- thickness which varies with the color as defined in the 
gardless of the concentration in the starting material, the 30 spectrophotometric curves. It is well known that the 
concentration of the titanium salt in the solution in which refractive index of Ti0 2 varies with the wave lenpth 
the mica is suspended at the point of hydrolysis is more (see Schroeder-Zeit. fur Kristallograohie 67 485-542 
dilute by a factor of at least 2 or 3 than is preferred for (1928)), and, in the table which follows, allowance for 
Ti0 2 pigment. For the best results in this invention, this variation has been made in calculating the thickness 
this concentration of titanium salt (calculated as TiO a ) in 35 Since the coatings are known to be particulate (based on 

electron micrographs) and contain voids, the correlation 
between this calculated thickness and a calculated thick- 
ness based on the known weight of TI0 2 per unit area 
and the specific gravity of the Ti0 2 must make allow- 
ance for these voids as well as for seme possible uneven- 
ness of coating on all of the surfaces of the mica measured 
by the BET method. Making reasonable allowances for 
these factors, the correlation is excellent. 

In the following table, the optical path has been cal- 
culated from measurements of interference bands ex- 
hibited by typical products of known composition Where 
possible, interference bands, either maxima or minima 
falling m the visible portion of the spectrum have been 
used for the calculation. The silver flakes, however have 
no interference bands in the visible spectrum and there 
is considerable uncertainty about the exact position of 
the interference band in the ultraviolet because of an 
absorption band of Ti0 2 in the same region. Measure- 
ments of thickness are in millimicrons. Weight of TiO 
per square meter is in milligrams, and they are based 
on direct measurements. 



the solution at the point of precipitation should be at least 
about 2 parts and should not exceed about 7 parts per 
100 parts of solution. 

The amount of the titanium (or zirconium) salt used 
in relation to the mica may vary over a wide range and is 
significant only as a control on the thickness of the ulti- 
mate oxide coating. In general, the usage, calculated as 
Ti0 2 (or Zr0 2 ), should be in the range of about 10 parts 
per 100 parts of mica (about 10%) up to as much as 
about 200 parts per 100 parts of mica (about 66%) with 
a preferred range for Ti0 2 of about 15 to 80 parts per 100 
parts of mica (about 15-40% of TiO a ). This is, of 
course, reflected in the thickness of the layer deposited 
and the resulting interference color. It has been found 
that when the amount of Ti0 2 is in the range of 10-26% 
by weight of the product, a silver-colored pigment is usu- 
ally obtained; in the range of 26^0%, the pigment is 
golden in color; and in the range of 40-50%, the color 
of the pigment varies from red to blue to green as the 
trickness of the metal oxide layer is increased. In the 
range of 50-50%, higher order interference colors are 
obtained. Other means have also been used in this inven- 
tion to correlate thickness of film with interference color. 
For example, a convenient measure of the thickness of 
the layer is the weight of Ti0 2 deposited per unit area of 
mica surface (conveniently expressed as milligrams per 
square meter of mica surface) and this may vary from 
about 50 mg. of TiO a to 600 mg. of TI0 2 or more per 
square meter of surface. In the upper portions of this 
range, the observed colors are higher order interference 
colors. The relation between the weight of Ti0 2 per 
square meter and the color varies somewhat between 
uncalcined and calcined products. However, within broad 
limits, the following table sets forth the correlation be- 
tween the observed interference colors and the measured 
Ti0 2 weight per square meter of mica surface. Since 
color hues vary continuously over the spectrum, it is ob- 
vious that the ranges merge at the dividing points Pig- 
ments having 50-280 milligrams of Ti0 2 per square meter 



40 



45 



50 



55 
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Color 



65 



Silver 

Pale gold.., 

Gold 

Red 

Violet 

Blue 

Green 

. 2nd order gold... 
2nd order violet.. 



Optlenl 
path 
(In milli- 
microns) 



i % 
150 
175 
250 
207 
325 
358 
412 
437 



Geometric 
thiclmcss 
(In milli- 
microns) 


TIO? per 
square 
meter 
(in milli- 
grams) 


135 


85 


59 


145 


71 


163 


05 


18G 


117 


231 


129 


250 


145 


275 


1C1 


320 
385 


194 



70 1 Estimated. 



75 



From these illustrative data, it is apparent that products 
of technical merit are found throughout a range of about 
30 to 200 millimicrons in the calculated geometric thick- 
ness of the oxide layer. It has been found in other studie« 
that a broader range of about 20 millimicrons to about 
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250 millimicrons is also useful with the range of about 
20-455 millimicrons for the first order interference colors 
as preferred. 

The following table gives the color obtained within 
various ranges of thickness. 5 

Color: Geometric thickness range 

(in millimicrons) 

SDver ____________ 20-40 

Pale gold, gold , 40-90 

Red _ 90-110 10 

Violet _ 11O-120 

Blue _ ;„ 120-135 

Green _ 135-155 

2nd order gold 155-175 

2nd order violet— . 175-200 
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The thickness of a Zr0 2 layer may vary to a small 
degree from the figures given above, since Zr0 2 has a 
slightly lower refractive index. 

The isolation of the pigments of this invention by filter- 
ing, washing, and drying is entirely conventional. How- 
ever, it is well known that a certain amount of sulfate 
ion is very tenaciously held by a hydrous titanium dioxide 
precipitate, and it is sometimes desirable to favor the 
more complete removal of this sulfate by washing with a 
dilute alkaline solution such as dilute ammonium hy- 
droxide, either on the funnel or by reslurrying in such a 
solution, followed by filtering and washing again. 

'It appears that one of the critical features distinguish- 
ing the new products from the titanium dioxide pigments 30 
of the prior art lies in the character of the titanium oxide 
deposited on the mica flakes. Examination of such flakes, 
both before and after calcination, in the electron micro- 
scope, suggests that the hydrous oxide film has particles 
so_ small as to be very poorly resolved in the electron 
microscope. They are not completely non-crystalline be- 
cause they have a distinguishable X-ray diffraction pattern 
and there is some evidence of very small, in the order of 
0.01 micron in size, particles, but these particles do not 
appear to have sharp edges and tend to be irregular in size 
and shape. Upon calcination, a definite crystalline pattern 
becomes evident but the crystallites are still extremely 
small and densely packed so that the optical character is 
that of a film. Measurement of these particles shows a 
maximum particle size of about 0.1 micron for any cal- 
cination temperature below about 1000° G. In the pre- 
ferred calcination temperature range of from about 700 
to about 1000° C, substantially all of the particles are 
appreciably less than 0.1 micron in diameter. At higher 
-temperatures, some larger particles do appear and when 
the particles of Ti0 2 , or other oxide, substantially ex- 
ceed 0.1 micron in diameter, the interference colors and 
the nacreous character of the product are no longer ap- 
parent. Such products exhibit the light-scattering prop- 
erties of conventional Ti0 2 or other pigments. 

In the deposition of a second metal oxide layer, it may 
be deposited upon either a hydrous titanium or zirconium 
oxide layer or upon the corresponding calcined layer or it 
may be deposited simultaneously with the titanium oxide 
layer by adding an appropriate metal salt to the titanyl 
sulfate solution. In general, the second oxide is de- 
posited in a lesser amount than either the titanium or 
zirconium oxide. One of the most outstanding results 
from the deposition of such a second metal oxide is a 
marked stabilization of the photosensitivity of the initial 
hydrous Ti0 2 layer. Alumina hydrate lends itself ad- 
mirably for this purpose. This material has a relatively 
low refractive index, and it produces stabilization with a 
relatively minor effect on the color of the interference. 
It is most effectively deposited as a second layer by ther- 
mal hydrolysis from a buffered solution such as aluminum 
acetate. 

Other oxides which may be deposited include the follow- 
ing: 

(1) Zinc oxide (ZnO) may be deposited by thermal 



hydrolysis of an ammoniacal zinc complex solution such 
as tetrammine zinc sulfate. When such a combined layer 
of hydrous Ti0 2 and ZnO is calcined, the resulting layer 
exhibits the X-ray pattern of mtile Ti0 2 whereas the 
single layers of TiO a show anatase Ti0 2 . Jn general, 
this variation appears to have a minor effect on the prop- 
erties of the coated flakes. 

(2) Zirconium oxide (Zr0 2 ) may be deposited as the 
hydrous oxide on top of hydrous TiO z by the thermal 
hydrolysis of a solution zirconium oxychloride, for in- 
stance. It improves the stability to light with a minor 
effect on color. On calcination of the combined layers, 
however, there is an increase in refractive index which 
results in a color effect to be anticipated from a thicker 
film. 

(3) An iron oxide layer (Fe 2 0 3 ) may be deposited by 
the thermal hydrolysis of a solution of ferric acetate, for 
instance. The resulting product, prior to calcination, is a 
brilliant gold flake pigment of pronounced color which 
varies with the thickness of the combined layers and is 
accompanied by an iridescent sparkle. Such pigments 
impart a pronounced two-tone effect to compositions con- 
taining them. On calcination, there is a color change 
toward the red, in line with the known behavior of iron 
oxides, retaining to a large extent, however, the nacreous 
effect. 

(4) Nickel oxide is readily deposited on a hydrous 
Ti0 2 -coated mica by the thermal hydrolysis of a nickel 
tetrammine sulfate solution, for instance. The color 
effects in this case after calcination, as shown in Example 
XV are quite unexpected. 

Nickel oxide may also be deposited by thermal hy- 
drolysis of a nickel acetate solution. 

(5) Cobalt oxide is readily deposited by the thermal 
hydrolysis of a cobalt acetate solution. 

(6) Some of the most unexpected effects are obtained 
with chromium oxide (Cr 2 0 3 ). It is deposited readily 
by the thermal hydrolysis resulting from the volatilization 
of ammonia from a solution in water of hexammine 
chromium (III) derivative or by the thermal hydrolysis 
of a chromium salt solution, buffered with borax. A very 
thin layer (1% to 2% of Cr 2 0 3 based on the Ti0 2 ) 
deposited on a hydrous Ti0 2 layer has resulted in marked 
stabilization of the photosensitivity with very little effect 
on the color of the pigment. Moreover, this thin layer 
of chromium oxide seems to stabilize the color on cal- 
cination so that such products are improved both in 
color and in stability to light over untreated products. 

If, on the other hand, a large amount of Cr 2 0 3 (5-15% 
based on the Ti0 2 ) is deposited, for instance, on top of 
a hydrous Ti0 2 with a gold interference color and the 
•resulting flake pigment calcined, the final product is an 
attractive golden nacreous pigment with an iridescent 
sparkle which imparts an interesting two-tone effect to 
compositions pigmented therewith. 

It is obvious that other metal oxides not specifically 
mentioned, can be incorporated into these flake pigments 
in like manner. 

.. The above illustration with chromium oxide points to 
■the 'importance of variations in the thickness of the suc- 
cessive layers in multilayer coatings. The amount of 
titanium oxide or zirconium oxide in the initial layer 
may vary over the whole range shown for the single layer. 
The resulting colors will significantly affect the properties 
of the final products. In like manner, the second layer 
may be varied in thickness by controlling the amount of 
reagent used and the conditions of deposition. The thick- 
ness of the second layer contributes to the interference 
color in the expected manner, subject to variations in the 
refractive indices. The invention contemplates ranges in 
the individual layers of the multilayer coating compar- 
able to those shown for Ti0 2 alone. 

It is quite apparent that the deposition of successive 
layers of metal oxides can be extended beyond two suc- 
75 cessive layers and the invention should be understood as 
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contemplating such multilayer coatings. It is also con- orated, the film is stripped from the plate and observed 
templated that thick layers of titanium oxide may be ,on the smooth side. Such films are conveniently used for 

deposited m a single step or may be deposited in succes- light-fastness tests in a "Fade-Ometer." 

sive steps with or -without a calcination step between. ArT , T ^ VT ^ ^ 

In discussing the properties of these new pigments, 6 FORMULATION B. BAKED ACRYLIC LACQUER 

emphasis has been placed on compositions in which they p arts 

are used alone. It has been pointed out, however, that pi cme nt 

the oclor is most readily observed over dark backgrounds. Ayr ? , 7 " 1 7.7 T~~T 77,7 V 2,5 

It is also possible to develop similar effects by mixtures M ^ acr ^ lc * ' P ^ ( Acr y loid A-101, 

with other pigments Thus, mixtures with carbon black W BuXS S^l '77 

can be formulated to give effects very similar to those A/r ' * v c , /./ 

obtained by lamination over a black surface. In mixtures SSSSTSf te monoethyl ether __ 20.0 

with colored pigments, the nacreous character, and fre- Toluene ° ° nC 

quently the sparkle as well, are retained while the effect 

on the color is often far greater than might be anticipated 16 J ne pigment is dispersed by vigorous stirring with the 
from the relatively subtle color of many of the flakes res i n ^d plasticizer together with a portion of the solvents 
alone. Many combinations have an effect not unlike that f° r about 15 minutes; the remainder of the solvents is then 
of aluminum flakes except that the proportions of the new added and the mixing continued until uniform. Exhibits 
flakes to the color can be much higher than when alumi- are prepared by spraying onto primed panels and, after 
num flakes are used since the new flakes are more trans- 20 frying, baking at 80-85° C. for 20 minutes. Alternative- 
parent than the metal flakes. t ty, as a quick testing method, films of this lacquer may be 
When the new flakes are used in admixtures with con- spread to uniform thickness with a "doctor blade" and 
ventional pigments of high hiding power, such as pig- observed after air drying, 
mentary Ti0 2 for instance a pronounced nacreous, or xsmwn a™™ ^ 

pearl-like, character is quite evident even with as much 25 FORMULATION C. BAKED ALKYD ENAMEL 

as 25 to 50% of Ti0 2 , but the iridescent sparkle may be p ^ 

very much diminished. Nevertheless, such mixtures offer Pigment _ 2 5 

attractive possibilities to the formulator. Non-oxidizin7~^coM^ ' 

An outstanding property of the new flake pigments is solution (60% solids) _ 29 2 

their remarkable ease of dispersibility in coating composi- 30 Modified melamine? formaldehyde" "resin" (55% 

tion vehicles. It has been considered necessary with sub- solids) 13 g 

stantially all pigments known to the art to subject them Aromatic hydrocarbon solvent ™™™~ 15 0 

to considerable grinding action for the necessary degree of Aliphatic hydrocarbon solvent _ZZZZZZZZ 19 0 

dispersion required in formulating high quality paints, . ' ~ 

enamels, and the like. Ti0 2 requires substantial grind- 35 T ^e Pifi men t is added to the mixed resin solutions with 

ing to give acceptable enamels. Mica also requires con- a P art of tne solvent and dispersed by high speed stirring 

siderable work on the system for good dispersion. It is, for aD0Ut 15 minutes after which the remainder of the 

therefore, totally unexpected to find that the new pig- solvent is stirred in. The resulting enamel is sprayed 

ments, whether calcined or not, can be dispersed on a onto a P^J^d me , tal panel and baked one half hour at 
great variety of vehicles by simple vigorous agitation. 40 about 120 ° C * Films of uniform thickness may also be 

Additional grinding shows little, if any, advantage and applied with a "doctor blade." 

can be easily carried to the point where the flakes are tt/m^ttt a^axt ^ „, 

broken with an undesirable effect on the color obtained. FORMULATION D.— VINYL PLASTIC FILM 

Although these new pigments are spoken of as exhibit- p 

ing interference colors of specified hues in the examples 45 Pigment _ i 

which follow, these colors are often very subtle and are Vinyl chloric" polymer" II "~ inn 

best observed under certain specific conditions. Thus, Dioctyl phthalate _ ~~ 40 

many of the powders in bulk show little color, being al- Polyester resin ? n 

most white or slightly yellowish. If the powder is spread Stabilizer (bariiun-VaS 3 

in a thin film such as by rubbing between the fingers, and Stearic acid __ Q ~i 

observed in a bright light, it shows a pronounced sparkle . ~~ " 

and definite color. If it is mixed with water on a black ■ The pigment is added to the mixture of ingredients and 

surface, the color and sparkle immediately become visible.' the whole mixture is processed on a two roll mill, heated 

Such pigments have their principal value as ingredients - t0 .„ 1 until uniform - 11 is finally taken from the 

of compositions such as points, printing inks, plastic films, ^ 38 ? sheet ? f ^ desired thickness which may be 

rubber articles, and the like to which they impart color ^served as obtained or may be press polished in a suit- 

and other decorative effects and often exert a profound able heated press. 

influence on the durability of such compositions on ex- *,.f ^ com P° 5lt Jons are all conventional and may be 

posure to the elements. When the color and decorative modi « ed * well-known ways or may be replaced by 
properties of pigments are spoken of, it is generally under- 60 e ?" a fy conventional compositions including cellulose 

stood that reference is being made to compositions con- J? 1 lacquers ' ^ nseed or other oIeo resinous varnishes, 

taining the pigments of which the following are typical ! D ^ com ^ osltjons ^ rubber , polyethylene resins and 

but not limiting. " ' the like. 

In all cases, as previously pointed out, the observed 
FORMULATION A. — UNSUPPORTED FILM 65 color can be confirmed by optical measurements such as 

OF CELLULOSE ACETATE spectrophotometry reflectance curves which can be de- 

1 a » t • . • . ™ , termined by measurements on dispersions of the colors 

1.0 part of pigment is added to 20 parts of a cellulose over black backgrounds 

acetate solution containing 16 7% cellulose acetate in Such measurements .give reflectance curves which con- 
acetone. The mixture u > stirred until thoroughly mixed. 70 form to the observed color. Where the ^olide coaL E is 

i^Zt^l^f f °f, Str ™ a ? m ih r ft ° m inh€rentIy ColorlesS > lhere is a Progressive shift to fonge 

by coating the clean plate with a silicone stopcock grease wave lengths for the reflectance minima as the thickness 

and then wiping thoroughly with a dry cloth. Hie lacquer . of the coating increases. For instance, in a S of 

is spread on the g ass plate and drawn down to a wet film samples with increasing amounts of Ti0 2 in a single coat 

thickness of about 0.16 mm. After the solvent has evap- 7 6 ing, the wave lengths of the minimum and maximum t 
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flectance values for typical samples vary with the color 
as follows: 

WAVE LENGTH 0"F 1st INTER FEE ENCE BAND 



14 



Color 


Minimum 


Maximum 


Sliver 

Gold 

Red 

Violet..,— 

Blue 


In the ultraviolet.— 

390 millimicrons 

600 millimicrons..... 
670 millimicrons. ...J 
800 millimicrons 
685 millimicrons . . 


About 390 millimicrons. 
700 millimicrons. 
070 millimicrons. 
1,100 millimicrons 
1,170 millimicrons. 
1,350 millimicrons. 


WAVE LENGTH OF 2nd INTERFERENCE BAND 


Gold (2nd order).... 
Violet (2nd order)... 


430 millimicrons 

600 millimicrons..... 


550 millimicrons. 
650 millimicrons. 



the amount of titanyl sulfate solution is increased to 
1160 parts (50 parts Ti0 2 ), the yield of flake pigment 
is about 150 parts of shiny powder with a slightly more 
yellowish tinge. When dispersed in the alkyd resin ve- 
hicle and coated over a black primer, a golden appear- 
ance and a pleasing lustrous iridescent sparkle are ob- 
tained, especially when viewed in the sunshine. 

Example II 
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When a multilayer coating contains an oxide which 
is inherently colored, the spectrophotometric curve shows 
both the absorption bands of the inherent color and the 
interference bands due to the thin film on the translucent 
flake pigments. 

The following examples illustrate but do not limit the 
invention. In all cases, unless otherwise specified, all 
parts refer to parts by weight. 

Example I 

5S0 parts of an aqueous titanyl sulfate solution con- 
taining 4.4% Ti0 2 as titanyl sulfate (equiv. to 25 parts 
Ti0 2 ) and F.A. of 217 is diluted with 500 parts of water. 
100 parts of mica is then suspended in this solution. 
Trie mica is a water-ground white mica (muscovite) 
having the trade name "Concord Wet Ground Mica 
#200/325." This mica has a specific surface area of 
about 3.3 square meters per gram, as determined by kryp- 
ton adsorption in the previously mentioned BET Method; 
it all passes through a 200 mesh screen and about 94% 
through a 325 mesh screen. The average particle size is 
in the range of 20-40 microns in maximum dimension 
and about 0.1 micron in thickness. The suspension of 
mica in the titanyl sulfate solution is heated rapidly 
(about 10 minutes) to the boil and maintained at the boil 
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The mica used in this example is of a larger particle 
size than that used in Example I. It was obtained by 
screening the mica of the previous example and collect- 
ing the portion which passes through a 200 mesh screen 
and is retained on a 325 mesh screen. 

100 parts of this —200/+ 325 mesh mica is slurried 
in 1160 parts of the titanyl sulfate solution of Example 
I, and the mixture is treated in the manner described 
in that example. Because of the larger particle size of the 
mica^ the surface area per gram is less so that the same 
amount of titanyl sulfate produces a thicker coating on 
the mica flakes than was obtained in Example la. When 
the flakes are dispersed in a coating composition vehicle 
and coated over a black surface, a blue appearance and a 
25 pleasing lustrous sparkle are obtained. 

By using the above conditions and a still larger mica 
flake which passes a 160 mesh screen but is retained on a 
200 mesh screen, the lower surface area results in a still 
thicker coating of hydrous titanium dioxide. When such 
flakes are incorporated in a coating composition vehicle 
and coated over a black surface, a golden appearance and 
a pleasing lustrous sparkle are seen. The golden appear- 
ance obtained with this thicker layer of hydrous titanium 
dioxide is a second order interference color. 
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Example III 

The precipitation procedure used in Examples . I and 
II, and again in this example, coats the mica flake with 
a translucent layer of hydrous titanium oxide. This exam- 
ple illustrates further the variation in color with variation 
in Ti0 2 content per unit area together with the changes 
which occur on calcination of the pigment to convert the 



under reflux for about 2*4 hours. The product is iso- 45 h y dr °us oxide coating to a more light-stable translucent 



lated by filtering and washing with water to a pH of 
5.0. After drying at 80° C, there is obtained about 135 
parts of a finely divided flake pigment which requires 
no further particle size reduction. In bulk form, this 
flake pigment is a shiny, slightly yellow powder. It may 
be readily dispersed in various coating composition ve- 
hicles by simple high-speed stirring. When dispersed in 
an alkyd resin vehicle as in Formulation C and coated 
over a black, primed metal surface, the resulting surface 
has a silvery appearance and a lustrous iridescent sparkle 
in the sunshine. 

Example la 

This portion of the example illustrates how a change in 
color can be obtained by using a larger amount of titanyl 
sulfate solution, thus depositing a thicker layer of hydrous 
Ti0 2 . 

If the procedure of Example I is followed except that 



coating of titanium dioxide. 

A number of runs were made using the quantities of 
titanyl sulfate solution and mica set forth in the table 
below. The mica and titanyl sulfate solution used were 
50 the same as those described in Example I. All quantities 
are in parts by weight. The mica is dispersed in the 
titanyl sulfate solution, and the resulting mixture is 
heated to the boil and boiled under reflux for 3 hours, 
after which time the product is isolated by filtering, wash- 
ing, and drying in the manner of Example I. The dry 
product is then calcined in air at about 950° C. for 1 hour. 
Upon cooling, shiny flakes with an iridescent sparkle are 
obtained. In bulk form, both the calcined and uncalcined 
products may be described as being off-white in appear- 
ance. However, when dispersed in a liquid and observed 
on a dark surface, the colors given in the table are ob- 
served. These colors vary with the amount of Ti0 2 coat- 
ing on the mica flakes: 
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60 





100 
772 


100 
1, 160. 


100 
1,600 


ICQ 
2,440 


Hydra ted TiOj/square meter in grams. 


. 33 
135 

o.n 
Pale gold 

123 
0. 085 
Very pale gold 


50 
155 
0. 17 
Dark gold 
140 
0.14 
Med. gold 


70 
178 
0.24 

Bluish violet 
156 
0.19 
Golden red 


105 
210 
0.34 

2nd order pale gold 
182 
0. 27 

Green 
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From the above table, it can be seen that there is a loss 
m the weight of the Ti0 2 coating on calcination. Such 
a loss is, of course, accompanied by some reduction in 
thickness of the film of Ti0 2 and a change in the pre- 
dominant hue of the interference colors. This change is 
in the direction of interference at a lower wave length, as 
is to be expected from thinner films. The calcined prod- 
ucts of this example are much more light stable than the 
uncalcined products of Examples I and II. 

Example IV 

This example illustrates coating mica flakes using a con- 
centrated titanyl sulfate solution of the type commonly 
produced during the conversion of ilmenite ore to Ti0 2 
pigment. Although such solutions usually contain some 
iron in divalent form, it is not precipitated along with the 
hydrous Ti0 2 . Instead, the iron remains dissolved as 
FeS0 4 in the mother liquor. 

As set forth in detail in the table which follows, 100 
parts of mica as described in Example I is slurried in the 
indicated amount of water and heated to about 60° C. 
While stirring vigorously at 60° C, the indicated amount 
of concentrated titanyl sulfate solution (TiOS0 4 , calcu- 
lated as Ti0 2 , 14.1%; FeS0 4 , calculated as Fe, 3.7%; 
F.A., 80) also heated to 60° C, is added rapidly. The 
mixture is heated to the boil and boiling continued under 
reflux for the indicated time. The flakes are recovered 
by ^filtering, washing free of soluble salts and drying at 
80° C. The slightly yellow nacreous flakes are then 
calcined in air at 950° C. for 1 hour to give slightly 
darker colored flakes which, when dispersed in coating 
compositions, impart the indicated colors to the composi- 
tions together with a lustrous iridescent sparkle in the 
sunshine. 



Treatment as follows: 
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a. Weight of TIOSOj (calc. as T10 3 ), 

grams . 

Yield in grams 

Weight ol hydrated Ti0 2 in coated 

flakes 

Hydrated Ti6j/sq. moterof mlca'in 

grams.. 

Interference color, all "three alike 

b. Weight ol TiOSO* (calc. as TiOj), 

grams 

Yield in grams I 

Weight of hydrated TiO a in coated" 

flakes 

Hydrated TiOj/sq. meter of mlca'in" 

grams 

Interference color, all throe alike™" 

c. Weight of TiOSO* (calc. as TiOi) 

grams 

Yield in grams \ 

Weight of hydrated TiOz in coated" 

flakes _. 

Hydrated TiOj/sq mcter'of mlca'in" 

grams 

Interference color, all three alike.."!! 



Sample 
1 


Sample 
2 


Sample 
3 


11.7 
29 0 


11.7 

34.2 


11.7 
36 4 


9.6 


9.6 


9.7 


0 1G 
- («) 


0 15 
(>)' 


0. 15 


15.6 
33.1 


15. G 
37.0 


15.6 
39.9 


13.1 


12.4 


13.2 


0.20 


0. 19 


0.21 


19.5 
36.5 


20.8 
41.6 


20 8 
43.6 


10.5 


16.9 


16.9 


0.20 
( 3 ) 


0.26 
( 3 ) 


0. 26 

( 3 ) 
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A 


B 


Mica 


100 
236 
190 
27.3 
2 




Water 


100 


Titanyl sulfate solution 


448 

365 
52.3 
2.5 


Equivalent TlOj 


Reflux time, hours 


Yield — 


130 
23.1 
127 
21.4 
Silver 


Percent hydrous Ti0 2 


165 
39.4 

148 
35.4 
Gold 


Yield after calcination.. 


Percent TiOi 


Color i 





35 



45 



1 Light gold. 2 Reddish gold. 8 Blue! 

Example VI 

In a specific examination of the particle size of the 
Ti0 2 deposted on the mica flakes, a sample of uncalcined 
silver colored flake pigment may be prepared according 
to the following procedure which differs only in minor 
details from sample A in Example IV above. 

100 parts of water-ground white mica (specific surface 
3.2 sq. meters/gram) is slurried in 1000 parts of water 
and the slurry heated externally to about 95° C. At 
this point, 290 parts of a titanyl sulfate concentrate 
(15% available Ti0 2 , F.A. 80) is added .rapidly to the 
agitated slurry. The resulting slurry (temp. 89° C.) is 
heated to the boil and boiled 1.5 hours, cooled to 
60° C, filtered, washed free of sulfate ion and dried to 
give 135 parts of a yellowish silver nacreous pigment. 
Portions of this pigment are then calcined in air at vari- 
ous temperatures as shown in the table below. The final 
flakes, after calcination, are then examined in a conven- 
tional manner in an electron microscope and the general 
appearance of the samples, together with an estimate of 
average particle size of the Ti0 2 in the metal oxide coat- 
ing, is presented in the table. Three other samples pre- 
pared in a like manner and similarly examined in the 
electron microscope are included in the table. 
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This example. 

Do 

Do 

Do 

Do 

Sample A 

Sample B 

Do 

Sample C 



Calci- 
nation 
temp.. 



0) 
700 
900 
1,000 
3 1, 100 

950 
900 
950 
850 
950 



General appearance 



Particle 

Si&e 

(mi- 
crons) 



Example V 

The interference color of a coated flake pigment is a 
function of the thickness of the coating layer thereon. 
Since actual measurement of this thickness is not readily 
done, the weight of the coating material per unit area 
of the surface of the substrate is a convenient index of 
the thickness of the coating. It is obvious that a fixed 
weight of coating material will produce coating of dif- 
ferent thickness on equal weights of substrates which 
differ in surface area. Conversely, adjustment of the 
weight of substrates so that the total surface areas are 
equal should give equal coating and substantially equal 
color. The following series of samples illustrates these 
points using three samples of waterground white mica 
(muscovite) with the weights adjusted so that the total 
surface areas of the mica used is the same in each case. 

The titanyl sulfate solution had the following composi- 
tion: Ti0SO 4 , calculated as Ti0 2 , 14 1%- FeSCXi calcu- * Uncalcined. » Not measurable. 

■lateri a«j ^ 7%. u a on tuZ ~~~~ 1 j j . ^ should be noted that at temperatures of about 1100° C. and above the 

jaiea as r-e, s. / % , KA., 80. The general procedure used fl{ - mica begins to decompose and the crystal growth oi TiOj becomes s much 

to coat the mica is described in Example IV. Specific 1 r r 



Indefinite particles, very small. 
Uniform discrete particles 

""iido!"iiiiiri""i 

Many lath-like particles of non- 
uniform sizes. 
Discrete particles 



0.025 
0.04 
0.09 

>0.10 
0.08 
0.03 
0. 07 
0.04 
0.07 



details on the procedure are as follows 

SURFACE AREA AND WEIGHT OF SAMPLES 





Sample 
1 


Sample 
2 


Sample 
3 


Surface area of mica, sq. meters/grams.. 
Weight of mica used in grams 
Total surface area of mica, sq. meters 


3.2 
20.0 
G4.0 


2.6 
24.0 
64.0 


2.4 

2C.7 
64.0 



more rapid. 

Example VII 

This example illustrates the use of an organic titanate 
to apply a titanium oxide layer to the mica flakes. 

70 Approximately 1 gram of muscovite mica flakes with 
largest dimensions of about 100 microns and with a 
thickness of 1-2 microns is spread in a thin layer inside 
a 1-inch "Vycor" tube. The tube is evacuated by means 
of a vacuum pump attached to one end of the tube, the 

75 other end of the tube being attached through a closed 
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vaive to a Teservoir of tetraisopropyl titanate contained 
in a glass flask. The tube and flask contents are heated, 
with maintenance of the vacuum, to 600° G., at which 
temperature the valve between the tube and the organic 
titanate container is opened permitting the titanate va- 
pors to pass into the hot tube^ After approximately 
30 minutes, the valve is closed and the tube and contents 
are cooled to room temperature under vacuum. After 
cooling, the vacuum is disconnected and the coated flakes 
are removed from the tube. The flakes obtained exhibit 
a variety of interference colors and when they are dis- 
persed in a cellulose acetate film, they impart a nacreous 
appearance thereto. 

Example V 111 

This example illustrates improving the light stability 
of the hydrous titanium dioxide coating by applying an 
outer coating of hydrous aluminum oxide on the Ti0 2 - 
coated mica flakes. 

100 parts of the yellowish- white flakes of Example la 
is neutralized by slurrying in an excess of dilute aque- 
ous ammonia. It is then filtered, washed, dried, if de- 
sired, and reslurried in 4000 parts of an aqueous solution 
containing 200 parts of AlaCSOJa^HaO and 80 parts 
of sodium acetate. The slurry is heated to 90° C. and 
then held in the temperature range of 90° C.-100 0 C. for 
about 30 minutes. The slurry is filtered hot, washed 
with hot water until free of sulfates, and dried at about 
60° C. to give a powder containing about 6% alumina 
(as A1 2 0 3 ). This powder is more yellowish than the 
starting material, and when it is dispersed in an alkyd 
coating composition, such as Formulation D, and applied 
over a black primer, a dark -golden nacreous appearance 
and a lustrous iridescent sparkle are obtained. When 
tested in a "Fade-Ometer," a cellulose acetate film (as 
in Formulation A) pigmented with these flakes shows 
a marked superiority in light stability over the untreated 
counterpart. 

Example IX 

This example illustrates a still further improvement in 
. light stability by applying a layer of hydrous aluminum 
oxide to a calcined Ti0 2 -coated mica flake pigment. 

100 parts of the calcined product of Example 'HI re- 
sulting from the use of 100 parts of mica and 772 parts 
of titanyl sulfate solution is mixed with 200 parts of an 
aqueous solution containing 20 parts of A1 2 (S0 4 ) 3 .1»H 2 . 
A 5% solution of sodium carbonate is then added slowly, 
while stirring, until the pH is 7.0. The flake pigment is 
then isolated by filtering, washed free of soluble salts, 
and dried. The product obtained is substantially un- 
changed with respect to sparkle and overall silvery gold 
appearance when dispersed in a coating composition 
vehicle and applied over a black surface. On the other 
hand, it exhibits a notable improvement in lightfastness. 
Cellulose acetate films containing the pigment show no 
change upon exposure in an Atlas "Fade-Ometer" for 
1000 hours. 

Example X 

This example illustrates the use of synthetic phlogopite 
as the micaceous flake substrate. 

20 parts of synthetic phlogopite of such particle size 
that all of it passes through a 160 mesh screen and is 
retained by a 200 mesh screen, is added at room tem- 
perature (approximately 25° C.) to 600 parts of aqueous 
titanyl sulfate solution containing 24 parts of titanyl 
sulfate calculated as TiO a and F.A. of 217. The mix- 
ture is stirred and diluted with 600 parts of water and 
then heated to 80° C. during one hour and maintained 
"at 70-80° C. with vigorous stirring. Portions of the 
slurry are removed from time to 'time and placed in a 
pool of water on a black surface for determination of 
color. After approximately VA hours at 70-80° C. a 
blue color is evident. Gn continued stirring to a total 
of 3 hours, the color of samples taken during the stirring 
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period becomes successively gold, red, blue, green, gold 
(again), red (again), and then, finally, green. The 
slurry is then filtered, and the filter cake is washed with 
water until the effluent wash water gives a negative test 

0 for sulfate ion. The filter cake is then washed with 
acetone and allowed to dry. The final product is a flake 
pigment having a predominant green hue and a lustrous 
iridescent sparkle when dispersed in an alkyd resin and 
viewed in the sunshine. 

10 Example XI 

This example illustrates the application of a hydrous 
zirconium oxide to mica flakes. 

100 parts of the mica described in Example I is slurried 
in 2000 parts of an aqueous solution containing 200 parts 

15 of Zr(SO 4 .4H 2 0 and previously adjusted to a pH of 2.8 
by adding urea thereto. The slurry is heated to 90° C. 
and held near this temperature for about 2 hours with 
good agitation throughout The solid product is recov- 
ered by filtering, washed, and dried, and it is then calcined 

20 for 1 hour at 700° C. in air to give a flake pigment having 
a silver appearance and a pleasing lustrous sparkle when 
dispersed in a coating composition vehicle. 

Example XII 

25 This example illustrates the application of a layer of 
hydrous zinc oxide to mica flakes which have been pre- 
viously coated with Ti0 2 ; "■ 

The procedure of Example la is followed to produce 
TiO a -coated mica flakes and, prior to drying, 30 parts 

30 of these flakes is slurried in 2200 parts of 3% aqueous 
ammonium hydroxide solution at room temperature. 
The mixture is stirred at room temperature for 30 min- 
utes, and then filtered. The presscake is washed with 
water until the pH of the effluent wash water is 8, and 

35 then dried in an oven at 80° C. 25 parts of the dried 
flakes is added at room temperature to a solution formed 
as follows: 10 parts of ZnCl 2 is dissolved in 500 parts of 
water, and amonium hydroxide is then added to the so- 
lution with vigorous stirring until the precipitate initially 
formed redissolves. The slurry is heated to approximate- 
ly 80° C. and maintained at about that temperature for 
about 2 hours to drive off ammonia from the solution. 
After the heating, the slurry is filtered and the presscake 
is washed free of soluble chlorides and dried at about 

45 80° C. The product obtained has much the same ap- 
pearance as the product of Example la. Analysis indi- 
cated the presence of 19% zinc, calculated as zinc oxide. 
Lightfastness of the zinc-treated product is appreciably 
superior to that of the corresponding product without the 

50 zinc treatment. Calcination of this zinc-containing prod- 
uct yields a flake pigment in which the Ti0 2 is present 
predominantly in the rutiie form, whereas in the corre- 
sponding calcined flake product which is not zinc-treated, 
the TiO a is predorninantly in the anatase structure. 

55 

Example XIII 

This example illustrates the application of a layer of 
hydrous zirconium oxide to mica flakes which have been 
previously coated with Ti0 2 . 

60 A TiG 2 -coated mica flake pigment exhibiting a golden 
color when observed on a black surface is prepared as 
follows: 108 parts of water-ground muscovite mica with 
a surface area of 3.1 square meters per gram is slurried 
in 600 parts of water. The slurry is heated to the boil, 

65 and 351 parts of a 20% (as Ti0 2 ) titanyl sulfate solution 
(F.A. 80) is added to the boiling slurry. Heating is 
continued, and the mixture is refluxed for 3 hours and 
allowed to cool overnight before filtering. After filter- 
ing, the presscake is washed with approximately 12,000 

70 parts of water at room temperature, then washed with 
about 500 parts of a 2% ammonium hydroxide solution, 
and finally washed with 6000 parts Of water. After dry- 
ing the presscake overnight at 80° C, 164 parts of flake 
pigment is obtained, containing approximately 34% of 

75 hydrous titanium oxide. When dispersed in a coating 
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composition vehicle, these flakes exhibit a reddish gold 
color which is more pronounced over a dark surface. 

50 parts of these golden flakes is then overcoated 
with hydrous zirconium oxide as follows: 7.5 parts of 
Zr(S0 4 ).4H 2 0 is dissolved in 500 parts of water, and urea 5 
is then added slowly to the solution with good stirring to 
bring the pH to 2.0. 50 parts of the golden flakes is added 
to the solution, the resulting slurry is heated to the boil 
and held at the boil under reflux for 1 hour. On heating, 
the initial golden color of the flakes gradually changes 10 
to a purple. Addition of more of the zirconium sulfate- 
urea solution and further heating results in a second order 
gold color to the flakes. The slurry is then filtered, and 
the solid is washed free of sulfate and dried to give a 
pigment which exhibits a golden color when dispersed in 15 
a coating composition vehicle and applied over a black 
surface. Accelerated lightfastness tests show the zir- 
conium-coated flakes to be appreciably better in light- 
fastness than the uncoated counterpart. They contain 
about 7.7% zirconium oxide (as Zr0 2 ). 20 

The following Examples XIV to XVII, inclusive, are 
based upon the use of Ti0 2 -coated mica flakes, made 
after the general procedure of Example IV, which are 
further coated with a second metal oxide as shown in the 
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details. In these examples, two different samples are 25 40 .°° . C » 600 ° ° > and 900 ° C > Pigment being main- 
shown; one of these samples (flake A) is an uncalcined at e temperature for V 2 hour, the golden reflex 
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shown; one of these samples (flake A) is an uncalcined 
silver-colored flake containing about 20.7% Ti0 2 . This 
product was prepared by treating 100 parts of the mica 
described in Example I with 233 parts of a titanyl sulfate 
concentrate containing 15% Ti0 2 (F.A. about 80) (which 30 
is equal to 35 parts Ti0 2 ). The procedure used is ac- 
cording to Example IV and about 126 parts of flake are 
obtained. Prior to drying, the residual sulfuric acid is 
neutralized by slurrying in an excess of dilute ammonia, 
filtering, and washing. The second sample (flake B) 
is a yellowish silver-colored flake containing about 26.2% 
Ti0 2 made in a like manner from 100 parts mica de- 
scribed in Example I and 290 parts titanyl sulfate con- 
centrate (F.A. about 80) containing 15% Ti0 2 , which 
is equal to 43.5 parts Ti0 2 . 

In Examples XIV through XVIII, the term "reflex 
color" is used to describe the color observed at the specu- 
lar angle, usually contrasting with the inherent color. 
In this use, it is a convenient means of distinguishing the 



washed sulfate free, and dried. After calcination for 
V* hour at 900° C, the flakes are greenish gold in color 
with a golden reflex, and they exhibit excellent lightfast- 
ness in the cellulose acetate film of Formulation A. 

Example XV 

This example and Example XVa illustrate the ap- 
plication of a layer of iron oxide to mica flakes which have 
been previously coated with Ti0 2 . 

400 parts of silver-colored flake A (20.7% Ti0 2 ) is 
aded to a solution of 50 parts ferric chloride (FeCI 3 ) and 
80 parts of sodium acetate (NaC 2 H 3 0 2 ) in 1000 parts of 
water at 25° C. The slurry is heated with agitation to 
80° C. and stirred for one hour at 80° C. until the mother 
liquor is substantially colorless. A further portion of 
solution containing 50 parts ferric chloride and 80 parts 
sodium acetate in 1000 parts of water is then added. The 
mixture is heated for one hour at 80° C, after which 
time another 50 parts of ferric chloride and 80 parts of 
sodium acetate in 1000 parts of water is added, and the 
whole mixture is heated for one hour at 80° C. The 
slurry is filtered washed, and dried to give yellowish- 
brown flakes having a golden reflex. Upon calcination at 
400° C, 600° C, and 900° C, the pigment being main- 



does not change but the overall color changes to brown 
at 400° C, to reddish brown at 600° C, and to a brilliant 
golden brown at 950° C. 
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Example XVa 

1 00 parts of the yellowish silver flake B (26.2% Ti0 2 ) is 
added to 600 parts of a 11.4% FeCl 3 solution (68 parts 
FeCI 3 ) and 60 parts of sodium acetate (NaC 2 H 3 0 2 ) is 
added with agitation. After the sodium acetate is dis- 
solved, the slurry is heated to 80° C. and maintained at 
that temperature for several hours with frequent examina- 
tion of a diluted drop of the slurry on a black surface. 
The overall color of the flakes is golden yellow, and the 
40 colored sparkle or reflex color progresses with continued 
heating through gold to red, to purple, and finally to green, 
while the overall golden color remains substantially un- 
changed. Samples are taken when each of the various 
colors is observed, and these samples are filtered, washed, 



M „„ lt 10 a ^uuvtijicin jneans or aisiinguisrung the «wms is ooservea, ana mese samples are hltered, washed 
interference color from the inherent color of metal oxide 45 and dried, and analyzed for iron. This analysis indicates 

COatinCS. ihf> frtllrttlriTirr irAn sts*»*+A*t+ . 



coatings, 

Example XIV 
This example and Example XlVa illustrate the applica 



the following iron content: 

Percent Fe 

Red reflex color 8 9 

Purple reflex color n o 

~ n 1 . _ . 



tion of a layer of chromium oxide to mica flakes which CA ^ C °l° T 1U) 

have been previously coated with Ti0 2 . 60 Green reflex color 16.4 

v These samples, in addition to possessing the unusual 
color effects described above, show marked improvements 
in lightfastness as compared with the original Ti0 2 -coated 



Cr(NH 3 ) 6 Cl 3 is prepared by dissolving 40 parts of 
CrCI 3 in liquid ammonia and allowing the excess am- 
monia to evaporate. The light green product thus ob- 
tained is dissolved in 2000 parts of water and then 100 RK fla i« 
parts of Ti0 2 -coated mica (flake A) is added with stirring 65 
The slurry is heated to the boil and refluxed for about 
4 hours until the green color of the solution is no longer 
evident. The product is then isolated by filtering, washed 
with water, and dried. The flake pigment product is light 
green in color, and at the same time this green color ex- 
hibits a silvery reflex. 

On calcination at 950° C. the green color becomes 
somewhat less intense, but the silver reflex is retained. 
This product, containing chromium oxide equivalent to 



Example XVI 



This example and Example XVJa illustrate the appli- 
cation of a layer of nickel oxide to mica flakes which have 
60 been previously coated with Ti0 2 . 

100 parts of silver-colored flake A is added to a solu- 
tion prepared by dissolving 200 parts of nickel chloride 
(NiCI 2 -6H 2 0) and 500 parts of sodium acetate 
x«io piajuuui, vuDiaining cnromium oxide equivalent to (NaC 2 H 3 0 2 ) in 2400 parts of water. The resulting slurry 
3.04% Cr, is markedly more lightfast than the untreated 65 is heated t0 the do ^ and kept at the boil for approxi- 
fla ke A. mately 4 hours until the flakes become light green in color. 

Example XlVa The product is then filtered, washed chloride free, and 

100 parts of yellowish silver flake B (26.2% TiO a ) is color £i£ TlZ£ ^ lifibt greCn 

slurried in a solution of 40 parts chromium su fate 7n SS LvJ A P slIv f r u a Pf ar ? nce - A Portion of 

(Cr 2 (S0 4 ) 3 -5H 2 0) in 1000 parts of JSTtt^LrtW - ? • «hto» calcined by heating to 950° C. and 

crements of about 2 parts each until icwtaTS calcined product has a bright yellow color with a 

5.5 to 6.0 is reached [ and maintained te^TtaS S T^l ^ T f™' 1X . ? on *™ 3 ' 5 ^ Ni - When 

minutes. The resulting produc sTolated by Sfrfii 7, * com ?f ltion in Emulation D) 

0 y isolated oy nitenng, 75 a particularly pleasing golden nacreous effect is obtained. 
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An ammoniacal nickel chloride solution is prepared by 
dissolving 24 parts nickel chloride (Ni01 2 \6H 2 O) in 2000 
parts of water and adding concentrated ammonium hy- 
droxide solution with constant stirring unitl a precipi- «? 
tate is formed and then redissolved. 1000 parts of silver- 
colored flake A (20.7% Ti0 2 ) is added, the slurry heated 
to the boil and maintained at the boil under reflux for 
about 4 hours. It is then filtered, washed free of chlorides, 
and dried to give light green colored flakes with a silver 10 
reflex, showing a marked improvement in light stability 
over the untreated silver flakes. 

Example XVII 

This example illustrates the application of a layer of 15 
cobalt oxide to mica flakes which have been previously 
coated with TiO a . 

100 parts of silver-colored flake A is added with stirring 
to a solution at room temperature prepared by dissolving 
200 parts of cobalt chloride hex ahyd rate (CoCl 2 '6H a O) 20 
and 300 parts of sodium acetate in 2000 parts of water. 
The resulting slurry is heated to the boil and kept under 
reflux for one hour. The slurry is .then filtered hot and 
the presscake is washed with water until chloride free. 
The presscake is dried in an oven at about 80° C. The '25 
dried flakes, when dispersed in cellulose acetate as de- 
scribed in Formulation A produce a dry film having a 
pgrap metallic nacreous appearance. Calcination of the 
flakes for one hour at 950° C. results in a light green 
product having a silver reflex color. The product con- 30 
tains 2.9% Co. 

Example XVIII 

This example illustrates the application of a layer of 
copper oxide to mica flakes which have been previously 38 
coated with Ti0 2 . 

100 parts of silver-colored flake A is added to an am- 
moniacal copper chloride solution prepared by dissolving 
20 parts of copper chloride (CuCl 2 ) in 1000 parts of 
water and then adding ammonium hydroxide (28%NH 3 ) 40 
until a precipitate is formed and then redisolved. The 
slurry is gently heated at about 60° C. for one hour to 
drive off ammonia and precipitate a hydrous copper oxide 
on the mica. The flake product is then isolated by filter- 
ing, washed free of dissolved salts, and dried. The prod- 45 
uct consists of grayish flakes with a silver reflex. Cal- 
cination of a portion of the product at 950° C. for 15 
minutes gives a darker gray-black product retaining the 
silver reflex and containing 2.4% Cu. 

Example XIX 
COPRECIPITATION WITH CHROMIUM OXIDE 

40 parts of chromic sulfate (Cr 2 (S0 4 ) 3 -5H 2 0) is dis- 
solved in 1000 parts of water to which is added 100 parts 
of water-ground white mica (Concord #300/325) and 55 
the slurry is heated, while well stirred, to 90-100° C. 
490 parts of titanyl sulfate concentrate (Ti0 2 equivalent 
14.4%, F.A. 80) is then added rapidly, the slurry is 
reheated rapidly to the boil and maintained under reflux 
for about 3 hours. The product is filtered, washed free 60 
of soluble salts and dried to give greenish flakes with a 
reddish gold reflex color. On calcination at about 900° 
C, the product is transformed to yellow nacreous flakes 
with a brilliant gold reflex color. Coating compositions 
containing this pigment exhibit excellent lightfastness. 65 

Example XX 
COPRECIPITATION WITH IRON OXIDE 
100 parts of Conord Water Ground Mica #200/325 is 
slurried in 920 parts of a titanyl sulfate solution (TiO a 70 
equivalent 4.15% F.A. 220) into which is dissolved 20 
parts of anhydrous ferric sulfate. The slurry is thor- 
oughly agitated and heated to 95-100* C. in about 30 
minutes and held at that temperature for about 4 hours. 
Samples of the slurry taken during the heating period 75 
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and diluted with water on a black surface show a prog- 
ressive change in the color of the mica flakes suspended 
therein. The final pigment is filtered, washed free of solu- 
ble salts and calcined for one hour at 900° C. to give 
a yellow nacreous flake pigment which produces a strong- 
ly golden color in a coating composition . Such composi- 
tions exhibit a very high degree of lightfastness. 

Example XXI and XXII 
The following examples illustrate the use of mixtures 
of the new nacreous flake pigments with conventional 
colored pigments to obtain highly attractive decorative 
effects. 

(Example XXI) 

ACRYLIC LACQUERS WITH MIXTURES OF PIGMENTS 

These lacquers are based upon a vehicle blend consist- 
ing of . 

Percent 

Mixed acrylic ester polymer (Acryloid A-101) 85.4 

Butyl benzyl phthalate (as plasticizer) 14,6 

and a solvent blend consisting of 

Percent 

Monoacetate of ethylene glycol monoethyl ether 20 

Methyl ethyl ketone 30 

Toluene _ 50 

A copper phthalocyanine (CPC) blue acrylic lacquer 
(made in a conventional manner in a ball mill) consists of 

Parts 

Copper phthalocyanine blue . 3,2 

Vehicle blend- . (jg 2 

Solvent blend ™ 30^6 

The following mixed lacquers are then made: 





A, parts 


B, parts 


Silver flake pigment (Example Vc) 

Vehicle blend. 


4.75 
97.0 

7.8 
21.7 


4.75 
97. 0 

1.6 
21.7 


OPC blue lacquer 


Solvent blend __ 





50 



The ingredients are thoroughly blended by high speed 
agitation for 15 minutes, thinned with additional solvent 
blend to spraying consistency and sprayed with 3 double 
coats on a suitable panel. 

In lacquer A, the silver flake/blue ratio is 95/5 and the 
resulting panel exhibits a highly pleasing "metallized" 
effect with a more pronounced sparkle than usually ex- 
hibited by lacquers containing aluminum flake. The 
effect is obtained over a fairly wide range of flake/color 
ratios up to as much as about 50/50. 

In lacquer B, the silver flake/blue ratio is 99/1 and the 
(resulting panel exhibits the effect of a bluish toned pearl 
with a brilliant iridescent sparkle under bright illumina- 
tion. 

(Example XXII) . 
ALKYD ENAMEL WITH A MIXTURE OF PIGMENTS 

A polychloro copper phthalocyanine green ( CPC green ) 
enamel of the following composition is prepared by 
dispersion in a ball mill in the conventional manner 

Parts 

CPC green pigment. 5.0 

Non-oxidizing coconut oil-modified alkyd resin solu- 
tion (16% solids) ____ 42.6 

Modified melamine formaldehyde resin (55% solids) 20.0 

Aromatic hydocarbon solvent. [ 16.2 

Aliphatic hydrocarbon solvent 16.2 

A portion of this enamel is mixed with a nacreous flake 
pigment as follows: 

Parts 

Gold flake pigment (Example Vb) 4.75 

CPC green enamel . 5.00 

Non-oxidizing coconut oil-modified alkyd resin 
solution (60% solids)___ _________ 58.4 
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nSzisaz « si itixsaSHt fn s ° f th r ^ saw ^ - 

mine formaldehyde resin (55% .SS) is a^otd and^th han 0? ° f aU of which a « 

speed agitation is continued for 5 in nm« * The elS ^HZV? ? St ^ ^ am0Unt of said metal 

is then reduced to spraying consistency wito a K « the tsUaver ° 2 ° % * We ' 8bt ° f the metal ° Xide in 

aromatic/aliphatic hydrocarbon mix and snraveri with V™ • 

3 double coats onto a suitable pane? This S con laveV^ 6 ™^ 0 ^'^ ° f daim 4 wherein the fast 

tains a gold flake/CPC green ratio of 95/5 and^e,^ ? d,oxlde and on t0D of said layer of tita- 

is much yellower .than that of ftfcPC ^reen ™^ T t^*'- * ' $ 3 layer ° f Cr *°* 

alone. In addition, the panels exhibU a liS, 2 , ' ^P*™ 01 imposition of claim 4 wherein the first 

sparkle 110115 goldeD 10 ,ayer 15 *»taninm dioxide and on top of said layer of tita- 

They can be prepared and marketed as dry pig- £ SSTaS^" ** " ^ ° f 

(2) These depigments show a remarkahW^e^ e 16 , 8 ' T he .P i 8 ment composition of claim 4 wherein the first 
persion in the V4J^^STy ^^ HiHT™ ^ f t0P ° f Said layer ° f tita " 

(3) They show a nacreous effect ol a deLe not readilv 7* 2^ v A,2 ° 3 - • • 

produced with prior art nacreous piimients V . , P ? m ? nt eom P°f ,on consisting essentially of a 

(4) They show an iridescent sLSwhh » translucent micaceous flake substrate having on the surface 
predominant hue 5wSS?JKS 2 ° * translucent ^ consisting essentially of a 
alterations in the composTons * P ' 6 5? lor i eSS metal . oxide . se,ected from the 8™P °f '"anium 

(5) When properly stabilized thev offer a hieh Ae*r„ , J zlrcomum dl0x ide - and the hydrated forms there- 
of Iightfastness LaDU1ZM > tfle y otter a high degree of, said composition being a colored nacreous flake pig- 

(6) They exhibit substantial freedom from toxicity 9K ^^1* W illum l nation ' » ^rous 
containing them. !l a ™ Dlue to to ^ n - ■ f . 

fo S£r ke possible tM effe - - h — ssr^r v^Xr^J^^ 

to said details except as set forth in the appended claims ^^"5f 0 " T?» "J^J? 

The embodiments of the invention in which an exclusive r?n r A' u °1 2 ? S °l' FeiAi, Cu0 ' Nl0 ' 
property or privilege is claimed are Hefinrrt 7. Si? C °°' Cr2 ° 3 ' and ftc h yd rous f orms thereof, said different 

i p a liS^£££S^^£ rl^ 6 be ! ns ^ f °™ of partic,es subs,antiaIIy a " 

lucent micaceous flakes having on the surface thereof a 45 f ? . * -a ^-s l Part ' C ' e sht ' the 

translucent layer of metal 0^pSd«lSLhSSr« 1 ? ^ mCtal 03U . de ^ e,ng °- 5 t0 20% by wei 8 ht of 

sentially of particles J^ JtL^to^T^dr^ °^ ^ m mai " amo ,?f- 

titanium dioxide particles, titanium dioxide particl« T hy n f ? C eoniportian of claim 1 1 ,n which tita- 

drous zirconium dioxide particles, and zircon^ dioxide d 6 c f" es the . ma ) or f 110 " 111 of tbe ">«al 

particles, substantially all of which a^Tss than" ! » S metal oxfd'e ^ ° * *° ^ ° f 

micron in particle size, said layer having a thickness of U t£ • : •• , ,. 

about 20-250 millimicrons, said pigment being sUver color ni " ■ 1?' P ^ ° f C,a ' m " '"V^ ^ 

when the thickness of metal oxidelayer is in the lower f , 6 T? 1 ^™ ^ ™ ,OT am0Unt of ,he metal 

portion of said range and exhibiting varYou" colors of fte KJRriSlS? 1 C ° DSt " UteS ' ^ ^ ° f 

spectrum as the thickness of the metal oxide layer is - A p^raent composition consisting essentially of 

2. The composition of claim 1 in which the thickness J? ^T™ ^ havu,g " n * e sur f ace ltl * eot a tT ™- 

of the metal oxide layer is 20-155 millimicrons. lucent layer of titanium dioxide particles substantially all 

n -n,« „■ . j- . • o£ which are less than 0.1 micron in particle size said 

micac^s^^^^^ 60 ^r having a thickness of 20-90 millimicrons, said £ 

surface area of 2-7 square meters per gram. me f \ being of a s, . lver c ? Ior , when the thickness « tb <> 

j * . . . . metal oxide layer is in the lower portion of said ran ire 

sisting of hydrous titanium dioxide particles, tLium di- ^ ^ 15 tltamUm dl ° Xlde - 

oxide particles hydrous zirconium dioxide particles, and References Cited in the file of this patent 

zirconium dioxide particles, substantially all of which are f *»cm 

less than 0.1 microns in particle size, the weight of the 70 . UNITED STATES PATENTS 

metal oxide in said first layer being about 10-66% by 834,739 Lillienfeld _ Oct 30 1906 

weight of the total pigment, and on top of said first 2,332,220 Harshberger _~~ Oct 19' 1943 

layer at least one layer of a different metal oxide from 2,941,895 Haslam _ June 21* 1960 

the group consisting of Ti0 2 , Zr0 2 , A1 2 0 3 , ZnO, Sb 2 0 3 > 2,995,459 Soloway " A uc 8 ' 1961 

Sn0 2 , Fe 2 0 3 , CuO, NiO, CoO, and Cr 2 0 3> and the hydrous 75 3.008,844 Grunin et al Nov 14 1961 



United States Patent [iq 

Esselborn et al. 



4,086,100 
[45] Apr. 25, 1978 



[54] RUTILE-CONTAINING LUSTROUS 
PIGMENTS 

[75] Inventors: Reiner Esselborn; Horst Berahard, 
both of Darmstadt, Germany 

[73] Assignee: Merck Patent Gesellscbaft mit 

bescarankter Haftung, Darmstadt, 
Germany 

[21] Appl. No.: 754,698 

[22] Filed: Dec, 27, 1976 

Related U.S. Application Data 
[63] Continuation of Scr. No. 616,843, Sep. 25, 1975. 
[30] Foreign Application Priority Data 

May 22, 1975 Germany 2522572 

[51] Int C09C 3/06; C09C 1/36 

[52] U.S. CI 106/291; 106/300 

[58] Field of Search 106/291,300 



[56] References Cited 

U.S. PATENT DOCUMENTS 



2,316,841 4/1943 Cole 106/300 

3,087,828 4/1963 Linton 106/291 

3,342,617 9/1967 Jackson 106/291 

3,627,553 12/1971 Clark et al 106/291 X 

3,634,119 1/1972 Klenke 106/291 

3,650,790 3/1972 Klenke et al 106/291 

3,711,308 1/1973 Brand et al 106/291 



Primary Examiner—Patrick P. Garvin 
Assistant Examiner— William G. Wright 
Attorney, Agent, or Firm— Millen & White 

[57] ABSTRACT 

Mica flake-based lustrous pigments having a plurality of 
TiO z and Sn0 2 layers thereon comprising at least one 
succession of rutile/Sn0 2 /rutile have improved proper- 
ties, including light and weathering fastness. 

16 Claims, No Drawings 



1 



4,086,100 



2 



RUTILE-CONTAINING LUSTROUS PIGMENTS Se. ^ ^ ™ ^"^^ °" 

This is a continuation of application Ser. No. 616,843, DETAILED DISCUSSION 

filed Sept. 25, 1975. 5 Such pigments have hitherto not been described. The 

BACKGROUND OF THE INVENTION arrangement of the metal oxide layers according to this 

. ,. , 4 ^ . . „ , . invention is critical to the improved properties of the 

coSd STS SfS n 5 PlgmentS X? pigmentS ' Sur P risin ^ ^ first layer, i.e., the 

TthJeJ^r f J\ . j 1 x T:0 2 layer directly in contact with the surface of the 

A whole series of mica flake-based lustrous pigments 10 mica flakes must have a very small thickness, i.e., no 

coated with metal oxides has been known, e.g. from more than about 25 nm., in order to provide satisfactory 

U S Pat Nos. 3,087,828; 3,087,829, and 3,711 308; Ger- ruffle pigments. In general, the layer thickness is from 

nl'^T J£fT l0n J*°n , 2 ;^c 66 J nd Gennan 01 t0 25 nra - However ' even thi ™ er Ia yers which are 
published specification No 2,214,545. However, for too thin to be measured with accuracy, are sufficient to 
special purposes, the light fastness and the weathering 15 provide pigments with satisfactory rutile layers. Admit- 
resistance of all of these pigments leaves something to tedly, the Ti0 2 layer directly in contact with the surface 
be desired due primarily to the fact that in these pig- of the mica is still subject to the anatase-inducing influ- 
ments the Ti0 2 is present in the anatase modification ence of the mica, but evidently provides an acceptable 
winch is evidently favored by the mica substrate. and uniform covering of the mica surface which is a 

There are also known mica flake-based lustrous pig- 20 prerequisite for a uniform and acceptable Sn0 2 coating, 
mente which contain both Ti0 2 and Sn0 2 . The tin oxide According to X-ray analysis, upon calcining, the TiO, 
is either present as a surface coating on a Ti0 2 coating layer is converted completely into rutile 
or as a mixed precipitate with Ti0 2 - See, e.g., German To the titanium hydroxide-coated mica flakes is then 
patent specification No. 1,467,468. X-ray investigation applied an intermediate layer of Sn0 2 , preferably of a 
of such pigments shows that the TiO,, in spite of its tin 25 thickness of about 2 to 25 nm. This Sn0 2 layer in an 
content, is present in the anatase modification. Accord- especially preferred embodiment, consists solely of 
ing to published German specification No. 2,214,545, Sn0 2 or, optionally, like the TiO, layers, can contain 
pigments are preferred m which the metal oxide layer certain amounts of A1 2 0 3 or a hydrated form thereof 
consists preponderantly of rutile Ti0 2 plus a small e.g., up to about 10%, preferably up to about 7%, of the 
amount of tin oxide, with the concentration of the tin 30 total metal oxide content of the Sn0 2 layer 
oxide being greater m the regions closest to the mica. The total amount of Sn0 2 in the mtile/Ti0 2 /rutile 
The Sn0 2 content of the metal oxide layer is preferably layers is preferably 5 wt % or more, preferably about 8 
CL5 to 5 wt. % but in no case to more than 20 wt. %. to 30 wt. % of the total metal oxide content of the 
However, it has been found that these pigments contain alternating rutile/Sn0 2 layers. SnO.contents of up to 90 
TiO, which is not completely and not reproducibly in 35 wt. % are technically possible but usually are uneco- 
tne rutile form but instead is very frequently present at nomical. 

least partially in the anatase form, although it is stated in Over the Sn0 2 layer is then provided a further layer 
published German patent specification No. 2,214,545 of Ti0 2 , which in the final pigment, like the first TiO, 
that the Ti0 2 was present "substantially in rutile form." layer is completely in the form of ruffle. This, or a like 
Thus it has been known for some time that, on the 40 rutile layer if further intermediate metal oxide layers are 
one hand, Sn0 2 acts as catalyst for the conversion of provided, is preferably the top or covering layer The 
anatase into ruffle and that, on the other hand, mica thickness of this layer depends solely upon the desired 
fevors the formation of the anatase modification of the interference color of the pigment. As a rule, it varies 
Ti0 2 . Nevertheless, a satisfactory solution to the prob- from about 20 ro 200 nm. However, this range is not 
lem of producmg rutile-contaming pigments does not 45 limiting since only the color is affected by the thickness. 

C t/j u- * • - Thus, in principle, any amount or layer thickness can be 
It is an object of this invention to provide lustrous deposited which is conventional for Ti0 2 -coated mica 
pigments based on mica flakes coated with Ti0 2 having pigments, many of which are commercially available 
improved properties in which the Ti0 2 is present com- According to this invention a plurality of tin oxide 
pletely and reliably as rutile, even if the pigments have 50 layers, alternating between Ti0 2 layers, can be applied 
a comparatively thick layer of Ti0 2 exhibiting interfer- to the mica flakes so that a multiple sandwich structure 
ence colors It is another object of this invention to results. In this case, the interference color of the pig- 
provide such pigments which, compared to comparable ment is determined by the total construction of the 
pigments m which the anatase modification is present, metal oxide layers. The amounts of oxide, i.e., the layer 
display considerable technical advantages in use, in- 55 thicknesses, necessary therefor are determined by the 
eluding better light and weathering fastness. It is still refractive index of the oxides and can be calculated 
another object to provide processes for the production according to known rules. It is essential, however, that 
and use of such pigments. Other objects will become the bottom layer in contact with the mica flake be a thin 
apparent to those skilled in the art. T i0 2 layer. As the top or covering layer either a rutile 
SUMMARY OF THE INVENTION 60 0r an Sn ° 2 layer can be em Ployed but a rutile layer is 
. ■ . preferred. As stated above, all or any of the individual 
According to this mvention, there are provided mica- oxide layers can have an A1 2 0 3 content, 
flake-based pigments with improved properties having In a process aspect, this invention relates to a process 
a succession of metal oxide layers on the mica flakes, for the production of such pigments which comprises 
consisting essentially of Ti0 2 and SnO,, said pigments 65 coating uncoated mica flakes first with a thin layer of 
being characterized by the feature that the layers alter- titanium hydroxide or a hydrate thereof; then deposit- 
nate and consist at least of the sequence rutUe/SnO r ing onto the thus-coated mica flakes a layer of tin hy- 
/rutile. In addition, said metal oxide layers, especially droxide from a tin II salt solution in the presence of an 
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oxidation agent; and then depositing another titanium As soluble tin salts, especially preferred are tin II 

hydroxide layer onto the coated mica flakes from a chloride and tin II sulphate. However, the anion is not 
titanium salt solution. Optionally, any or all of these critical. The concentration of the tin II salt solution can 
steps can be conducted in the presence of a soluble be varied over a wide range but generally for reasons of 
aluminum salt, thereby co-precipitating a hydrated form 5 expediency, is preferably from 0. 1 to 3 moles per liter, 
of aluminium oxide. Optionally also, the latter two coat- The tin salt solution optionally and preferably con- 
ing steps can be repeated one or more times, in the same tains a water-soluble aluminium salt, e.g., aluminium 
sequence. Thereafter, the mica flakes are washed, dried chloride, acetate, nitrate and sulphate, as well as alkali 
and calcined in the conventional manner. metal aluminium mixed salts, e.g., potassium, sodium 

The coating of the mica flakes can be accomplished 10 and ammonium aluminium sulphate. Preferably, about 
according to conventional methods. The mica to be 0,01 to 2 moles Al per mole Sn +2 is present, more prefer- 
coated is normally slurried in deionized water and abl y about 0.1 to 1 mole. It will be apparent that the 
brought to an elevated temperature, e.g., about 40* to aluminium salt can be added concurrently as a separate 
90° C, The first thin Ti0 2 layer is then deposited by salt solution. If aluminium salts are added to the mica 
precipitation of titanium hydroxide or a hydrate thereof 15 ^ a ^ e slurry, both metal ions should, in any case, be 
from titanium salt solutions, e.g., from titan yl sulphate present simultaneously in the solution during the pre- 
or titanium chloride. The reaction conditions are de- cipitation. Surprisingly, the desired effects are also 
scribed in the literature, e.g., in German patent specifl- achieved even in the presence of only trace amounts of 
cation No. 2,009,566. This first Ti0 2 layer should be as A1 ions * Tms is a11 the more surprising since only a very 
thin as possible in order to provide a pigment which 20 sm ^ P art °^ tne A * lons present in the case of the pre- 
contains roentgenographically pure rutile. The amount cipitation or formation of the hydrolysis products is 
of titanium salt necessary for the selected mica surface incorporated into the pigment. Whereas the tin ions are 
can be calculated in the usual way. The coating opera- deposited quantitatively on the mica flakes, a quite con- 
tion is stopped when the desired layer thickness, up to a siderable part of the Al ions remains behind in the pre- 
maximura of 25 nm., is reached. 25 ci P itation solution. This residual ionic Al can be found 

Next, the tin hydroxide is deposited on the thus- by back titration > e -g- in amounts of up to 96% of the Al 
coated mica. Contrary to the statements in the previ- sa ! t ™ d ; from the ac l ueou s phase after removal of the 
ously published literature, the coating of the mica flakes mica . flaJ <es ; This applies similarly to the addition of 
coated with TiO* with the formation of lustrous pig- M a^minium ions to the titanium salt solutions. Methods 
ments, is accomplished best not with Sn IV salt solu- 30 fo /» uc h additions are per se known. The A1 2 0 3 content 
tions but instead with Sn II salt solutions in the presence J'? 2 » not c P tlc ^ However, not only the 

of an oxidation agent. It is evidently important for this ? alt ^J*™ ^ P rec, P ltatl ° n r of * e firSt *** Ti ° 2 
process that the oxidation occurs only slowly and dur- 'T* ^° th ° Se d for the deposition of 

ing the precipitation. Under these conditions, one ob- 35 ij?^ 

tains, surprisingly, smooth tin dioxide hydrate layers 35 SmaU am ™ nts ° f water-soluWe aluminium salts which 
with a previously unachievable uniformity. co-precipitate to provide AJjft « the final metal oxide 

It has been found, surprisingly, that for the achieve- fcfv£ XZL*^ *"? of th * 
ment of satisfactory layers, the presence in the precipi- ^T ai n t ^ ™? ^ c 

tating bath of a small amount of a soluble aluminium salt ^ * V^W*** subse ^ ue nt oxide coatmgs because of 
from which A1 2 0 3 is subsequently fonn^TSSSS *° S^^^SSh^ 7^ 

^^£^2^J£^ C ° nte u t ^ ™™™«y herewith to the slurry. Oxidation a'ge^s 

For tJi P rfw^t;™ „f .».- 'a i .v chlorates, especially potassium chlorate. The oxidation 

For the deposit on of the tin oxide layer, the suspen- age „t fa expediently added in amounts about chemically 

^hS ( ^ ; e li h S* ofi "f™ 55 the concentrations and amounts are not critical and, if 
2 5 T^e Siti™ «f £f ? ******* about 1.0 to de3 ired, atmospheric oxygen for the oxidation can be 
2 .5 The addition of the tin salt solution is then con- additionally introduced by the stirring of the slurry 

2 * X™t 1 uant,tat 7'y » * foms - Tn" 5 - P« excess or in a deficient amount. The optimum condi- 

umt time, there can be supplied to the mica slurry only 60 tions in each case can easily be ascertained by routine 

SSJKS °k S t a1 ' S0,U 'T t0 the reaction which experiments. Expediently, the aqueous solution of the 

the surface to be coated can take up per unit time. This oxidation agent is added separately from but simulta- 

is conveniently achieved by adding an aqueous solution neously with the metal salt solution. It is normally pref- 

of the tin saltslowly to the warmed suspension of the erable to avoid the introduction, by the oxidation agent, 

mica flakes. The acidity of the aqueous solution of the 65 of further foreign ions, which may adversely influence 

tm salt is adjusted m the usual manner, e.g., with hydro- the reaction. 

chloric acid, to a molarity of acid of between about 0.1 It is expedient to maintain thepH value as constant as 

' possible during the whole period of precipitation. This 
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can be accomplished by the slow addition of ee arme- a n.- * . . 

ous alkali metal hydroxide or JSte hS £i ^ treatmen *». ° ne obtains pigments, the 

preferably dilute aqueous sodium hydroxide solution or ™ yS1S ° f which n ° longer shows ***** Unes - 

gaseous ammonia, as needed. new P^ents according to the invention can be 

The production of the rutile pigments according to 5 P roduced from ^ca flakes conventionally employed 

the invention and their quality depends in great part ^ P ur POSe. The most frequently employed mica is 

upon the special coating process by which the tin hy- Muscovite. As a rule, the mica flakes have a diameter of 

droxide is deposited. Hitherto, the coating with uniform abou£ 5 t0 200 microns and a thickness of about 0. 1 to 5 

Sn0 2 layers and thus the dependable production of pure microns, preferably about 0.5 micron 

rutile pigments was not possible. 1 10 Depending on the desired color shade, the new pig- 

details of the reaction conditions, see German patent A ° ^ t ^ 1UStr ° US quaIity ' An accurate 

specification No. 2,009,566, whose disclosure is incor- aete "^, at K>n of the aluminium oxide content of the 
porated by reference. The deposition takes place in the 2- OXlde kyer " f ° r ^ P ractical Purposes not possi- 
same way as the deposition of the first Ti0 2 layer, e.g., 2 o Sm ° e aluminium is aIso contained in the mica itself, 
employing titanium salt solutions at pH values of from ^ precise A1 2 0 3 content in the metal oxide layer is not 
0.5 to 5.0 and at temperatures from about 50 to 100" C, critical. Instead, it is the presence of Al ions during the 
the only difference being that the thickness of the layer precipitation of the hydrolysis products formed from 
can and preferably does exceed 25 nm. so as to produce the tm salts which appears essential to the improved 
a pigment with an interference color. Upon reaching 2 5 results achieved. From the values obtained in the case 
the desired layer thickness, the coating operation is of back titration, it can, however, be deduced that the 
discontinued. During the coating, the color scale proportion of A1 2 0 3 in the Sn0 2 layer of the final pie- 
taown from conventional lustrous pigments is passed ment varies from traces, e.e., 0.001 wt % to about 
through with increasing layer thickness, as illustrated 10%, with 7% ordinarily not being exceeded. 
6 ° W ' 30 Typical examples of the pigments of this invention 

have the following composition: 



Thickness of 2nd " — Interference 
TiQ 2 Layer in nm Color 



about 40 saver Mica Flake Pigments Metal Oxide Coa ting 

y eU ow 35 25 to 90 wt. % mica 0 to 10 wt % A1,0, 

about 130 blue i l . L ^ „ « ~ 
about 150 £2L 3 to 25 wt % SnQ 2 3 to 30 wt % SnQ 2 

With still thicker layers, colors of higher order appear. 40 Howev . er ' depending on the selected thickness of the 
In the case of pigments with more than 3 layers, the Ti- respective metal oxide layers, pigments of this invention 
and Sn-containing layers continue to be deposited alter- can also be obtained whose analyses vary considerably 
natingly. In each case, reaction conditions which are from ^ above values. 

known in the art can be employed. " The pigments of this invention can be employed in 

All precipitations are so carried out that, in each case, 45 toe same manner as known mica flake pigments. They 
temperature and pH value are kept as constant as possi- are especially suited for those fields of use where light 
*u ^f- 8 * u h ° le C ° atine °P eration - Furthermore, fastness is of primary importance, e.g., motor car lac- 
tne addition of the reaction components is at a rate such quers, and in cosmetics, where definite and very differ- 
that hydrated titanium or tin oxide is deposited immedi- entiated color nuances are desired. They are also well 
Sd an ^ q f ntlta ^? 1 r n ^^Aakesasitisprecip- 50 suited for the coloring of synthetic resinl t5/SS 
™^ trationthereo^^ 

bly, the vanous depositions are carried out successively, 1 , ^ 

without isolation of the resulting intermediate coated 55 t u \ ■ employed as startmg materials for 

products, although, in principle, a separation, washing T* P roducUon of oth er lustrous pigments. For example, 

and conceivably also calcination of the products is pos- n P^ents can advantageously be coated in per 

sible after each deposition. However, such isolations » known manners with one or more further layers, e.g., 

generally are omitted for economic reasons. The depo- ^ ith silicates > "«>ii oxides, chromium oxides, A1 2 0 3 , 

sition of the various alternating layers is conducted in 60 ^ coni um dioxide, as well as dyestuffs and/or colored 

the same manner, with the final covering layer being lakes » especially Al colored lakes, 

either Ti0 2 or Sn0 2 but preferably the former. ° Without further elaboration, it is believed that one 

The coated mica flakes are separated in the usual way skilled in the art can, using the preceding description, 

from the slurry, are thoroughly washed with water and utilize the present invention to its fullest extent. The 

then dried. The coated mica flakes are then subjected to 65 following preferred specific embodiments are, there- 

a conventional calcination process, e.g., for about 10 fore, to be construed as merely illustrative, and not 

r ttnT * *«P«*** ofup to limitative of the remainder of the disclosure in any way 

aoout U0Q c, preferably from about 600° to 1000° C. whatsoever. 



4,086,100 

7 

EXAMPLE 1 

60 g. of muscovite (diameter of 20 - 40u) are sus- 
pended in 1.5 liters of completely deionized water. The 
pH of the suspension is brought to 2.2 with dilute hy- 5 
drochloric acid. The suspension is then heated to 75* C. 
To the heated slurry is slowly added with stirring 30 ml 
of a solution of 150 g. TiCl 4 and 50 g. HC1 per liter 
(solution I), simultaneously with a 15% aqueous sodium 10 
hydroxide solution at a rate which maintains the pH 
constantly at 2.2. About 10 minutes after the addition is 
completed, 300 ml. of a tin chloride solution (19.1 g. 
SnCl 2 .2H 2 0 per liter of 5% hydrochloric acid, solution 15 
II) is slowly added to. the slurry with stirring, simulta- 
neously with 300 ml. of a potassium chlorate solution 
(4.3 g. KC10 3 per liter) and a 15% aqueous sodium 
hydroxide solution so as to keep the pH value con- 
stantly at 2.2. * 2Q 

About £ hour after the addition is complete, about 
270 ml. of solution I is again added while keeping the 
pH value constant. The pigment acquires a strong, sil- 
very luster. The coating operation is discontinued and 25 
the suspension is further stirred for about 1 hour at 75° 
C. Then the pigment is filtered off, washed free of salts 
with completely deionized water, dried and calcined at 
950° C. for half an hour. The pigment displays a strong, 
silvery luster. X-ray analysis shows that the Ti0 2 is 
present in rutile form only. The pigment consists of 
72.4% mica, 23.0% Ti0 2 and 4.6% tin dioxide. 

EXAMPLE 2 33 
The following solutions are employed: 
Solution I: A solution of titanium tetrachloride in 

hydrochloric acid (15% TiCI 4 and 4% HC1); 
Solution II: A solution of 38.2 g. SnCl 2 ,2H 2 0 in 1000 ^ 

ml. 5% hydrochloric acid; and 
Solution III: A solution of 8.3 g. KCI0 3 in 1000 ml. 

water. 

60 g. of muscovite (diameter 10 - 40u.) are suspended 
in 2 liters completely deionized water and the pH value 45 
of the suspension adjusted to 2.2 with Solution I. The 
suspension is heated to 70" C. While stirring, 30 ml. of 
Solution I are slowly added simultaneously with a 15% 
aqueous sodium hydroxide solution at a rate which 50 
maintains the pH value of the slurry at a constant 2.2. 
After about J hour after completion of the addition of 
Solution I, during which time stirring is continued, 
Solution II and Solution III are slowly run in simulta- 
neously at about the same rate, while maintaining the 
pH value constant at 2.2 with 15% aqueous sodium 
hydroxide solution. About i hour after completion of 
the addition, Solution I is again added in the same man- 
ner as the first coating operation. During this coating 60 
step, the mica flakes exhibit various interference colors, 
depending on the amount of Solution I added. Upon 
reaching the blue interference color (about 800 ml. of 
Solution I), the coating operation is stopped. The sus- ^ 
pension is then stirred for about 1 hour. The pigment is 
filtered off, washed with water, dried and calcined for 
30 minutes at 950° C. Roentgenographs investigation 
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shows that the Ti0 2 layer has only the rutile form. The 
pigment exhibits very good luster and luminescent 
color power. It contains 50.4% mica, 43.1% Ti0 2 and 
6.5% Sn0 2 . 

EXAMPLE 3 

60 g. of muscovite with a flake diameter of about 10 
- 50 nra. are suspended in 1 liter completely deionized 
water. The suspension is adjusted to pH 2.2 with dilute 
hydrochloric acid. After heating to 75" C, titanium 
hydroxide is first deposited on the flakes employing 30 
ml. of a solution of 150 g. of TiCI 4 in 1000 ml. of 5% 
hydrochloric acid in the manner described above, keep- 
ing the pH value at a constant 2.2 with 15% aqueous 
sodium hydroxide solution. Subsequently, a layer of tin 
hydroxide is so deposited on the mica flakes by adding 
300 ml amounts of 10% hydrochloric acid containing 
tin II chloride at a concentration shown in Table I si- 
multaneously with a like volume of KCIO3 solution of 
equivalent concentration as shown in Table I at the 
same flow in rate, again maintaining the pH value at a 
constant 2.2 by the simultaneous addition of 15% aque- 
ous sodium hydroxide solution. About 20 minutes after 
the addition is completed, the flakes are then coated 
with titanium hydroxide in the same manner as the first 
coating step employing 270 ml. of a solution of 150 g. 
TiCl 4 in 1000 ml. of 5% hydrochloric acid, again main- 
taining the pH value at a constant 2.2 by the simulta- 
neous addition of 15% aqueous sodium hydroxide solu- 
tion. 

After conclusion of the coating operation, the coated 
mica flakes are filtered off, washed with completely 
deionized water, dried at 100* C. and subsequently cal- 
cined at 950* C. for 30 minutes. The pigments exhibit a 
strong silvery luster. In all cases, the Ti0 2 is present 
solely in rutile form (roentgenographic detection). 
Table I is a summary of the coating conditions and the 
composition of the pigments thus-obtained. 

TABLE I 



55 





Concentra- 










tion of 










SnCl 2 


Concentra- 


Composition 






Solution 


tion of 


of the Oxide Layers 


Ex- 


(SnCI 2 . 


KCIO, 


Inner Middle 


Outer 


peri- 


2H 2 0 


Solution 


Layer Layer 


Layer 


ment 


in g/1.) 


in g/1. 


(% TiOj) (% SnOj) 


(% TiOj) 


A 


19.1 


4.3 


8 17 


75 


B 


28.6 


6.0 


8 23 


69 


C 


38.2 


8.6 


7 29 


64 



EXAMPLE 4 

Analogously to Example 3, muscovite is coated with 
3 successive layers of titanium hydroxide, tin hydroxide 
and titanium hydroxide, in a series of experiments in 
which the pH is maintained at other constant values 
during the tin hydroxide precipitation. The coating 
conditions, insofar as they vary from those of Example 
3, are summarized in Table II. In all cases, there is ob- 
tained a strongly glossy silver pigment, which contains 
Ti0 2 solely in rutile form. 
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TABLE II 







Coatin* with Tin Hydroxide 










Concen- 
tration 

of 
SnCl 3 
Solution 
(SnCl 2 . 
2H,0, 
gA) 


Amount 
of 


Concen- 
tration 
of 


Composition of the 
Oxide Layers 




Experi- 
ment 


PH 


SnCl 2 
Solution 
(ml.) 


HCIO, 
Solution 
(g/1.) 


Inner Middle 
Layer Layer 
C&TiOj) (%SnOj) (< 


Outer 
Layer 

7o TiOj) 


D 
E 
F 
G 


2.2 
1.8 
1.5 
1.0 


19.1 
19.1 
19.1 
19.1 


300 
300 
300 
300 


4.3 
4.3 
4.3 
4.3 


8 17 
8 17 
8 17 
8 17 


75 
75 
75 
75 
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EXAMPLE 5 
Analogously to Example 3, in a series of experiments 
pigments are prepared in which the two Ti0 2 layers 
vary in layer thickness. The same solutions are em- 
ployed as in Example 3 but the volume of the solutions 
used for the two coating steps is varied. Also, the tin 
hydroxide coating step is conducted at a pH value of 
1.5. In all cases, silver pigments are obtained with very 
good gloss and which contain the Ti0 2 solely in ratile 
form. 

Table III is a summary of the experimental conditions 
employed and the composition of the pigments ob- 
tained. 



TABLE HI 



stand for about 30 minutes and the final titanium hy- 
droxide coating is applied, employing a solution of 150 
g. TiC^and 50 g. HC1 per liter, again keeping the pH 
value at 2.1 with 30% aqueous sodium hydroxide solu- 
tion. During the coating, the pigment acquires a strong 
silver gloss, whereupon the coating operation is 
stopped. The slurry is filtered as usual, the mica flakes 
washed and dried and subsequently calcined at 960° C 
for 35 minutes. Roentgenograph^ investigation reveals 
that the Ti0 2 is present solely in the rutile form. The 
product contains 68% mica, 26% Ti0 2 and 6% Sn0 2 . 

EXAMPLE 8 
The following solutions are employed: 



20 



25 





1st Coating 






with Titanium 






Hydroxide 






Amount 






of 


Coating 


Experi- 


TiCl 4 


with Tin 


Solu- 


Hydroxide 


ment 


pH tion, ml. 


pH 


H 


2.2 60 


1.5 


K 


2.2 30 


1.5 


2.2 15 


1.5 



2nd Coating 
with Titanium 
Hydroxide 
Amount 
of 
TiCI 4 
Solu- 
tion, ml. 



pH 



2.2 
2.2 
2.2 



Inner 
Layer 
(fcTiO^ 



Composition of the 
Oxide Layers 



240 
270 
285 



Middle 
Layer 
(% SnOj) 



17 
8 
4 



Outer 
Layer 

(% TO,) 



17 
17 

17 



66 
75 
79 
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EXAMPLE 6 
Analogously to Experiment A described in Example 
3, muscovite is coated with 3 successive layers of tita- 
nium hydroxide, tin hydroxide and titanium hydroxide 
except that instead of the KC10 3 solution, there is used 45 
as oxidation agent a chemically equivalent amount of 
5% hydrogen peroxide. The pigment obtained exhibits 
an excellent luster, a silvery color and contains the 
Ti0 2 solely in rutile form. The analysis data agree com- 
pletely with those of the product according to Experi- 50 
ment A. 

EXAMPLE 7 
5.0 kg. of muscovite with a particle diameter of about 
10 to 40 a- are suspended in 100 liters of completely 55 
deionized water. The pH is adjusted to 2.1 with dilute 
hydrochloric acid. The suspension is heated to 75' C 
and with stirring there is added 2.5 liters of an aqueous 
solution of 150 g TiCl 4 and 40 g. HC1 per liter, over a 
period of 20 minutes, simultaneous with a 30% aqueous 60 
sodium hydroxide solution at a rate which maintains the 
pH value at a constant 2.1. Subsequently, a solution of 
162 g. KClOj in 2.5 liters of water is added and a solu- 
tion of 717 g. SnCl 2 .2H 2 0 in 2.86 liters concentrated 
hydrochloric acid in 21.8 liters water is passed in at a 65 
rate of about 10 liters/hour, concurrently with 30% 
aqueous sodium hyroxide solution at a rate which keeps 
the pH value at a constant 2.1. The slurry is allowed to 



Solution I: A hydrochloric acid-TiCI 4 solution con- 
taining 10% TiCI 4 , 5% HC1 and 10 g. A1C1 3 .6H 2 0 
per liter; 

Solution II: A hydrochloric acid-tin (II) solution 
containing 200 g. SnCl 2 .2H 2 0, 50 g. HC1 and 50 g 
A1CI 3 .6H 2 0 per liter; and 
Solution III: A KCI0 3 solution containing 40 g, 

KC10 3 per liter. 
60 g. of muscovite with a diameter of about 10 to 40 
/x are suspended in completely deionized water and the 
suspension is adjusted with Solution I to a pH value of 
2.0. After heating to 75° C. f 40 ml. of Solution I are 
slowly added simultaneously with a 15% aqueous so- 
dium hydroxide solution so as to keep the pH value at a 
constant 2.0. About 15 minutes after addition is com- 
plete, 60 ml. of Solution II is added slowly simulta- 
neously with 60 ml. of Solution III and with 15% aque- 
ous sodium hydroxide solution at a rate which keeps the 
pH value at a constant 2.0. About 30 minutes after the 
addition of the tin solution is complete, in order to per- 
mit the hydrolysis to go to completion, the coating 
operation is continued in the same manner according to 
the following scheme, alternately employing titanium 
tetrachloride and tin chloride solutions, at a constant 
pH 2; 
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Oxide Layer 
Produced 


Solution I 


Solution II 


Solution III 


Ti0 2 


320 ml. 






SnO, 




60 ml. 


60 ml. 


TO, 


320ml. 






SnO, 




60 ml. 


60 ml. 


TiO z 


320 mL 






SnO, 




60 ml. 


60 ml. 


Ti0 2 


320 ml. 






Sn0 2 




60 ml. 


60 ml. 



The product is worked up as in Example 1 and cal- 
cined at 900° C. for 40 minutes. The pigment exhibits a 
strong green interference color with good gloss. Roent- 
genographic investigation reveals the Ti0 2 is solely in I5 
rutile form. 

The pigment contains 40% mica, 35% rutile, 21% 
Sn0 2 and about 3% A1 2 0 3 (determined by back titra- 
tion). 

The preceding examples can be repeated with similar 20 
success by substituting the generically or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

From the foregoing description, one skilled in the art 
can easily ascertain the essential characteristics of this 25 
invention and, without departing from the spirit and 
scope thereof, can make various changes and modifica- 
tions of the invention to adapt it to various usages and 
conditions. 

What is claimed is: 30 

1. In a lustrous mica flake pigment wherein the mica 
flakes are coated with a plurality of metal oxide layers 
consisting essentially of alternating layers of Ti0 2 and 
Sn0 2 in which each rutile layer is roentogenograph- 
ically free from the anatase form, the improvement 35 
wherein the metal oxide layers comprise the sequence 
mtile/Sn0 2 /rutile and the innermost layer is rutile and 
wherein the thickness of the innermost rutile layer is a 
maximum of about 25 nm. 

2. A pigment according to claim 1 wherein the outer- 40 
most metal oxide layer is rutile. 

3. A pigment according to claim 1 wherein the collec- 
tive SnO z content of the metal oxide layers is 13.1 to 
37.5 wt %. 

4. A pigment according to claim 1 wherein at least 45 
one of the rutile/Sn0 2 /rutile layers contains A1 2 0 3 in a 
collective amount sufficient to prevent crack formation 
when tin dioxide hydrate layers of high water content 
are calcined and to promote the formation of smooth tin 
dioxide layers and the quantitative deposition of the 50 
precipitates on the mica surface. 

5. A pigment according to claim 4 wherein each layer 
contains aluminium oxide, in an amount collectively of 
up to 10 wt. %. 

55 



6, A pigment according to claim 1 wherein the Sn0 2 
content of the pigment is about 3 to 25 wt. %. 

7. A pigment according to claim 1 wherein the rutile 
content of the pigment is about 7 to 70 wt. %. 

5 8. A mica flake pigment according to claim 1 wherein 
the metal oxide coating consists of three layers wherein 
the innermost layer consists of rutile, the middle layer 
consists of Sn0 2 and the outermost metal oxide layer 
consists of rutile, wherein the Sn0 2 content of the pig- 
10 ment is about 3 to 25 wt. % and of the metal oxides is 
about 13.1 to 37.5 wt. % and the rutile content of the 
pigment is about 7 to 70 wt. % and of the metal oxides 
is about 86,9 to about 62.5 wt. %. 

9. A mica flake pigment according to claim 1 wherein 
the collective Sn0 2 content of the metal oxide layers is 
at least 5 wt. %, wherein the Sn0 2 layer contains alumi- 
num oxide in an amount of up to 10 wt. % and wherein 
the outermost metal oxide layer, is rutile of a thickness of 
at least 20 nm. 

10. In a process for the production of a Ti0 2 coated 
mica flake pigment comprising a layer on the mica 
flakes of Ti0 2 in the rutile form only over a layer of 
Sn0 2 , wherein tin hydroxide and titanium hydroxide 
are precipitated successively onto the mica flakes from 
a tin salt solution and a titanium salt solution, respec- 
tively, and the thus-coated flakes are then washed, dried 
and calcined!, the improvement which comprises coat- 
ing the mica flakes first with a thin layer of titanium 
hydroxide of up to 25 nm. thickness; precipitating the 
layer of tin hydroxide onto the thus-coated mica flakes 
from a tin II salt solution; in the presence of an oxidizing 
agent and then depositing a further layer of titanium 
hydroxide onto the coated mica flakes. 

11. A process according to claim 10 wherein the tin 
hydroxide is precipitated in the presence of KCIO3 as 
the oxidation agent 

12. A process according to claim 10 wherein at least 
tin hydroxide layer is formed in the presence of a water- 
soluble aluminium salt. 

13. A process according to claim 10 wherein the 
titanium and tin hydroxide layers are formed succes- 
sively without isolation of the intermediate products. 

14. A process according to claim 10 wherein the final 
metal oxide layer deposited on the mica flakes is tita- 
nium hydroxide. 

15. A process according to claim 10 wherein at least 
the tin hydroxide layer is formed in the presence of a 
water-soluble aluminum salt, and wherein the titanium 
and tin hydroxide layers are formed successively with- 
out isolation of the intermediate products. 

16. A process according to claim 15 wherein the tin 
hydroxide is precipitated in the presence of KCIO3 as 
the oxidation agent. 

* * « * * 
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f 57 l ABSTRACT 
The application relates to a pearlescent pigments based 
on platelet-like substrates, such as mica, which are 
coated with metal oxides, the metal oxide layer contain- 
ing titanium and also iron, wherein the pigment has a 
multi-layer structure in which a first layer of Ti0 2 in the 
rutile form is followed by a layer of pseudobrookite and 
an iron oxide layer. 

16 Claims, No Drawings 
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on the rutile layer, while the remainder of the precipi- 
IRON OXIDE COATED PERLESCENT tated iron oxide is actually present in the form of Fe^Oj. 

PIGMENTScl BACKGROUND OF THE Indeed, in the case of the new pigments, which are 

INVENTION distinctly improved as regards luster and stability, it is 

5 possible, in contrast to the prior art pigments where the 
The invention relates to pearlescent pigments based iron oxide layer is precipitated onto an anatase layer, to 
on platelet-like substrates, e.g., mica, which are coated use X-ray diffraction to detect adjacent discrete phases 
with metal oxides, the metal oxide layer containing both of rutile Ti02 and of Fe203. 

titanium and iron. Surprisingly, pigments having such a 3-layer struc- 

Iron -containing mica flake pigments have already 10 ture possess not only distinctly improved color charac- 
been described in the art and have also been used sue- teristics (improved tinctorial strength and brilliance and 
cessfully for many years. The pigments described in- improved hiding power) but also an improved chemical 
elude not only pigments in which iron oxide is precipi- stability for example, with respect to photoactivity or as 
tated onto the mica platelets together with another smelting fluxes for glazings and enamel, 
metal oxide, in particular titanium dioxide, but also 15 The invention, therefore, provides in pearlescent 
pigments in which the precipitations are carried out in pigments based on platelet-like substrates, especially 
succession. mica substrates, which are coated with metal oxides, the 

U.S. Pat. No. 3,087,828 describes obtaining, by means metal oxide layer containing titanium and also iron, the 
of precipitation of an Fe203 layer onto a Ti02 layer, improvement wherein the pigment has a multilayer 
golden-colored pigments which take on a reddish hue 20 structure in which a first layer of Ti02 in the rutile form 
after calcination. German Pat. No. 1,959,998, corre- is covered with a layer of pseudobrookite which in turn, 
sponding to U.S. Pat. No. 3,71 1,308, describes pigments is covered by an iron oxide layer, 
which possess on mica an initial mixed layer of titanium The invention, in a process aspect, involves a process 
oxide and iron oxide and thereon a top layer of titanium for preparing pearlescent pigments by coating platelet- 
and/or zirconium dioxide. like substrates such as mica with an iron- and titanium- 

German Pat. No. 2,244,298, corresponding to U.S. containing metal oxide layer, the improvement wherein 
Pat. No. 3,874,890, describes a process for preparing first a titanium dioxide or titanium dioxide hydrate layer 
golden-colored pearlescent pigments in which a Ti02- is precipitated thereon, the precipitation being effected 
and/or Zr02-coated mica pigment is first coated with 3Q in a manner known wherein a rutile layer is formed on 
iron(II) hydroxide, which is then oxidized to Fe203. calcination, and in that either before or after calcination 
German OfTenlegungsschrift No. 2,313,331, corre- of this pigment an iron oxide or hydroxide layer is pre- 
sponding to U.S. Pat No. 3,926,659, describes advanta- cipitated thereon. The pigment is thereafter calcined, 
geous iron-containing pigments in which the iron oxide DETAILED DESCRIPTION 

is present in certain defined crystal modifications. 35 

Also, German OfTenlegungsschrift No. 2,723,871, It is critical in the present invention that the Ti0 2 
corresponding to U.S. Pat. No. 4,146,403, describes layer is applied in such a way that the rutile structure is 
mica pigments which have a thick Fe203 layer on a very formed on calcination. This can be effected, e.g., by one 
thin Ti02 or AI2O3 layer. of the known methods, in which foreign ions, in particu- 

In all the cases described, Ti02 is applied in the ana- 40 lar tin (IV), are incorporated into the layer. These raeth- 
tase form. However, on calcination of the pigment the ods are described, e.g., in German Pat. No. 2,214,545 
precipitated iron oxide diffuses very strongly into the and the aforementioned U.S. Pat. No. 4,086,100 rutiliza- 
Ti02 layer, so that even in those cases where initially tion being forced by incorporating tin dioxide close to 
separate layers of Ti02 and Fe20 3 are precipitated, a the mica or in discrete layers between the Ti02- How- 
mixed layer consisting essentially of pseudobrookite is 45 ever, there are other known methods, such as, for exam- 
present after the calcination. pie, the incorporation of zinc oxide in accordance with 
German Pat No. 2,522,572, corresponding to U.S. Czech Pat. No. 208,578 or the incorporation of iron(III) 
Pat. No. 4,086,100, has proposed providing mica pig- into the Ti02 layer in accordance with German Pat. No. 
ments coated with Ti02 in the rutile form with an addi- 1,959,998, corresponding to U.S. Pat. No. 3,71 1,308, 
tional top layer of coloring metal oxides, among which 50 which also lead to rutile layers which can be utilized 
Fe203 is mentioned. With relatively law amounts of within the context of the present invention, 
iron oxide in these coatings, it has been observed that on There are essentially two known processes for pre- 
calcination the iron oxide diffuses to form a mixed layer cipitating the Ti02 layer. In one, the precipitation can 
of pseudobrookite on the rutile base. be effected as described in U.S. Pat No. 3,087,828 by 
By **a relatively low amount of iron oxide" is meant 55 addition of a sulfuric acid titanyl sulfate solution to the 
a content of iron oxide which is not substantially greater mica suspension and hydrolysis thereof by heating to 
than about 5% by weight based on the total pigment about 100° C, the layer thickness and the associated 
weight. ' interference color being initially predetermined by the 

amount of titanyl sulfate present. However, the precipi- 
SUMMARY OF THE INVENTION 6Q tatjon ^ also be carrie d out as described in German 

It, has now been found, surprisingly, that rutile and Pat. No. 2,009,566, wherein an aqueous titanium salt 
anatase differ substantially as relates to the diffusion of solution is gradually added to a hot mica suspension at 
iron oxide during calcination. While in the case of ana- about 50°-100° C, preferably 70°-80° C, and by the 
tase even large amounts of iron oxide will virtually simultaneous addition of a suitable base, for example, an 
completely diffuse into the Ti02 layer during calcina- 65 aqueous ammonia solution of an aqueous alkali metal 
tion to form pseudobrookite, it has been found that in hydroxide solution, a substantially constant pH value of 
the case of a rutile layer, the rate of diffusion is so low about 0.5-5, in particular, about 1.5-2.5, being main- 
that only a relatively thin pseudobrookite layer forms tained. As soon as the desired layer thickness of the 
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Ti0 2 precipitate is reached, the addition of the titanium one hand not necessary and show on the other hand a 
salt solution is stopped. tendency to influence negatively the quality of the pig- 

To obtain the titanium dioxide layer in the desired ments. 
rutile structure, the precipitation is modified in the If dopants are to be incorporated in one or even all of 
known manner so that either a tin salt is present in the 5 the layers, they can be added either to the mica suspen- 
mica suspension and is hydrolyzed together with the sion, to one of the added salt solutions, or where appro- 
titanyl sulphate, or that after the precipitation of a thin priate, to the added base in the form of water-soluble 
Ti0 2 layer, an Sn0 2 intermediate layer and then an salts. The dopants are generally homogeneously distrib- 
addmonal Ti0 2 layer are precipitated thereon, it being uted in the metal oxide layer(s). However, it is also 
possible to repeat these alternating precipitations sev- 10 possible and may be advantageous to effect such an 
eral times, as required. enrichment either close to the mica or at the surface of 

The iron oxide layer can also be precipitated thereon the pigment, 
by known methods. In this aspect it is possible to start It is also possible to subject the pigment to a subse- 
not only from iron(III) salts, as described, for example, quent coating or treatment which further increases its 
in German Pat. No. 1,467,468 , but also from iron(II) 15 light, weather or chemical stability or facilitates the 
salts, as described in U.S. Pat. No. 3,874,890; the ini- handling of the pigment, particularly regarding the 
tially formed coating of iron(II) hydroxide is oxidized incorporation of it into various media. Representative 
to iron(III) oxide hydrate. aftercoatings or aftertreatments include the methods 

Precipitation of the iron oxide layer can be effected described in German Pat. No. 2,215,191, German Offen- 
not only onto a calcined and, hence, already rutilized 20 legungsschrift Nos. 3,151,354, 3,235,017 and 3,334,598. 
T1O2 layer, but also directly after the Ti0 2 precipitation Owing to the fact that even without these additional 
onto the uncalcined pigment. In the latter case, the measures the pigments fabricated according to the 
subsequent calcination is surprisingly accompanied by a • teachings of the invention have excellent properties 
very low diffusion of the iron into the Ti0 2 layer, al- these optionally applied substances only account for 
though relatively high temperatures of about 700° to 25 about 0 to 5, and preferably about 0 to 3% by weight of 
about 950° C, preferably about 800° to about 900° C, the total pigment. 

are used in the calcination, and the conventional calci- The pigments of the invention can be used like the 
nation times of about 10 to 200, preferably 20 to 100, hitherto disclosed pigments; for example, for pigment- 
minutes are used. j ng plastics, inks, paints, body care agents and cosmet- 

Since even when utilizing the rutile Ti0 2 substrate 30 ics, as well as owing to their high chemical stability they 
taught herein, a small amount of diffusion of iron oxide also can be used in smelting fluxes for glazes and 
into the Ti0 2 layer with an accompanying formation of enamel. 

pseudobrookite cannot be completely avoided, the Without further elaboration, it is believed that one 
Ti0 2 layer should have a certain minimum thickness of skilled in the art can, using the preceding description, 
about 40 nm, so as to produce a 3-layer structure of 35 utilize the present invention to its fullest extent. The 
Ti0 2 /pseudobrookite/Fe 2 03. In general, the layer following preferred specific embodiments are, there- 
thicknesses of the Ti0 2 layer before calcination range fore, to be construed as merely illustrative, and not 
from about 40 to about 200 nm and preferably, thick- limitative of the remainder of the disclosure in any way 
nesses of about 40 to about 150 nm are preferred. It is whatsoever. 

also preferred that the titanium content, calculated as 40 In the preceding text and the following examples, all 
Ti0 2 relative to the total pigment is about 20-50% by temperatures are set forth uncorrected in degrees Cel- 
WC ! S . „ sius and all P a rts and percentages are by weight; unless 

An essential feature of the 3-layer structure taught otherwise indicated, 
herein is the particular layer thickness of the precipi- 
tated Fe^. This thickness should always be suffi- 45 EXAMPLE 1 
ciently large so that after the calcination and the result- In accordance with Example 1 A of German Pat No 
mg formation of an intermediate layer of pseudobroo- 2,214,545, 100 g of mica are coated in succession with 
kite a pure Fe 2 0 3 layer still remains on the surface of the 0.8 g of Sn0 2 and 30 g of Ti0 2 in aqueous suspension, 
pigment particles. For that reason the Fe20 3 layer pre- The suspended uncalcined pigment exhibits a slightly 
cipitated is at least about 15 nm thick and preferably has 50 yellow interference color. After switching off the stir- 
a thickness of about 15 to about 50 nm, most preferably rer and allowing the pigment to settle out, the superna- 
about 20 to about 40 nm. The iron content calculated as tant liquor is drawn off, the 2500 ml of water 81 g of 
m^Vu IatlVe t0 the t0tal P^ ment as a "lie ^ about anhydrous FeCl 3 and 16 g of sodium acetate are added. 
10-50% by weight. Iron oxide contents of at least 15% One hour of heating at 7O°-80° C. is followed by filtra- 
by weight are preferred. 55 t ion, washing until chloride-free, drying, and calcina- 

It is also possible to incorporate a variety of dopants, tion at 850° C. for 30 min. The result obtained is a pig- 
in particular other colored or colorless metal oxides, not ment having a very dark golden pigment and interfer- 
only into the Ti0 2 , but also into the Fe 2 0 3 layer. Suit- ence color, the X-ray diffraction values of which 
able dopants include compounds of aluminum(III), sili- (Debye-Scherrer diagram) reveal that discrete layers of 
con(I V), zircomum(IV), chromium(III), boron(III) and 60' rutile, pseudobrookite and haematite are present on the 
phosphorus(V). These dopants are each' incorporated, muscovite. 

where appropriate, in amounts of about 0 to 2% by The pigment is very stable in glazes and exhibits no 
weight. However, total amounts of about 2% in case photoactivity in the Kronos test, 
only one or two dopants are used and in case the dop- 
ants are incorporated in the Ti0 2 layer, to about 5% by 65 COMPARATIVE EXAMPLE 1 A 
weight in case more than two dopants are used or the Example 1 is repeated, except without the Sn0 2 pre- 
dopants are incorporated in the iron oxide layer, should cipitation. The result obtained is a pigment with a bright 
not be exceeded. Larger amounts of dopants are on the yellow pigment and yellow interference color, the coat- 
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ing of which consists of anatase and Dseudnhrnr^r^ *> i 

according to the X-ray diffraction Su« Se sSv 15 * 51 ^ ° f ™ a in the mtile f ° rm ' fonned from a 
of the pigment in glazes is poor, andtThe Sonn et f^TT^ ^ ° f titaniUm di ° XidC ° f titanium dio *" 
it exhibits photoactivity. ' de hydrate ' havm £ a thickness of at least 40 nm, the 

latter being superimposed by a layer of pseudobrookite 
EXAMPLE 2 5 and the latter being superimposed by an iron oxide 

In accordance with Example 2 of German Pat No I?^' f ? m , ed by the P reci P ita tion of an iron oxide or 
2,522,572, corresponding to U.S. Bat. No. 4,086 100 109 hydr0Xlde K la y er > havin g a thickness of at least 15 nm, 
g of a pigment having a blue interference color are wherem the Tl °2 concentration, relative to the total 
prepared by alternately coating mica with Ti0 2 SnCb 10 ? lgmen }' 1S about 20 t0 abou t 50% by weight, and the 
and Ti0 2 . The settling out of the pigment is followed bv T ^ concentrati on relative to the total pigment, is 
decanting and addition of 2500 ml of water. To the ab ° ut A 10 to about 50% by weight, 
suspension which has been heated to 75° C and broueht u P earlesc ent pigment according to claim 1, 
to a pH 6-7 with ammonia being gradually added, while wbere,n the substrate is mica. 

air is blown in at the same time, a solution of 120 e of 15 if ' A pearIescent pigment according to claim 1, 
FeS0 4 .7H 2 0 in 400 ml of water and 1.5 ml of concen- ^ herem dopants which are selected from compounds of 
trated sulphuric acid is added, with the pH value being aIuminu m(III), silicon(IV), zirconium(IV), chromium- 
largely maintained constant by simultaneous addition of > boron ( in ) and phosphorous(V) are incorporated 
ammonia. The pigment is then separated off, washed mt0 at Ieast one of the Ti °2 and Fe 2 0 3 layers, said 
until sulphate-free and dried and calcined at 850° C for 20 copants bein £ Present in a total of not more than about 
30 min. The result obtained is a golden, lustrous pig- 5% by wei g nt ba sed on the pigment, 
ment having a green interference color, and high hiding 4 ' In a P rocess for preparing pearIescent pigments by 
power, which, on the basis of the X-ray diffraction coat mg platelet-like substrates with an iron- and titani- 
values, possesses layers of mtile, pseudobrookite and um "Containing metal oxide layer, the improvement 
haematite It exhibits high stability in glazes and no 25 C0m P nsm g first precipitating a titanium dioxide or tita- 
photoactivity in the Kronos test. nium dioxide hydrate layer having a thickness of at least 

COMPARATTVF fyampi n a *5 T a " d a COncentra tion relative to the total pigment 

COMPARATIVE EXAMPLE 2A of about 20-50% by weight, said layer being calcLble 

Example 2 is repeated, except that the Sn0 2 interme- t0 form a rmile Ia yer, and before or after calcination of 
diate layer is left out. The result obtained is a pigment 30 resul * a nt pigment, precipitating an iron oxide or hy- 
naving a bright yellow pigment and green interference droxide layer having a thickness of at least 15 nm and a 
color, which according to the X-ray diffraction values concentration relative to the total pigment of' about 
carries a coating of anatase and pseudobrookite. It ex- l0 ' 50 ^> b Y weight on the titanium dioxide or the tita- 
nibits poor stability in glazes and photoactivity in the nlum dioxide hydrate layer, and calcining the pigment 
Kronos test. 35 5. A process according to claim 4, the step of precipi- 

EXAMPLE 3 ^ tmg T d layer calcinable to rutUe comprises precipita- 

ln 9 ^ ^ i_ ° a Tl ° 2 layer ' Sn °2 intermediate layer and 

man S Ho 1^^^ pr ° C ? S of Exam P^ 1 of Ger- then an additional Ti0 2 layer onto the platelet-like sub- 
man rat. No. 1,959,998, a mixed precipitate of hydrated strate - 

titaium dioxide and hydrogenated iron(III) oxide is 40 6 - A process according to claim 4, wherein the calci- 
appnea to 1UU g of mica m aqueous suspension. As soon nation occurs at about 700° to 950° C 

mem t X X^^^lT f T^ iS ° btainedj thC Pig " 1 TA P u CeSS aCC ° rding t0 Claim 4 > wherein the Ti °2 
ment is allowed to settle out, the supernatant liquor is * a yer is about 40 to about 200 nm 

llm ^l ^ and ^ ter is added to bri "g the volume to 8. A process according to claim 4, wherin the T1O2 
2500 ml Thereafter iron oxide is preciptiated, on as 45 layer is about 40 to about 200 nm 
H?0 WnrE P ^ 2t 120 8 of FeS0 4 .7- 9. A process according to claim 8, wherein the iron 

S™^oln S 7 ^ CaJci ™ as in Exa *^ 2 gives oxide layer has a thickness of about 20 to 40 nm 
a n7v u ? K F r d P1S ? ent Wlth a blue interference color 10. A process according to claim 4 wherein The iron 

ad 5£S£^ sh ™ s * p seudobrookite oxide is precipitated onto an nJ^SS^^ 

i^hTh?,^ 1 y d, ? act,0n dl S ram - 11 Pos- 50 ide or titanium dioxide hydrate layer. 

Kron 0 ?£t y m * ^ n ° phot0activity in ^ . 11 A P™*" according to claim 4, wherein the tita- 
The nrprpr!in« ^v,^ 1 u nmm dl0xlde or titanium dioxide hydrate layer has a 

I he preceding examples can be repeated with similar thickness of about 40-150 nm 

/ substltutin S ^e generally or specifically 12. A process according to claim 4 wherein the iron 

What is claimed is- ^ A pr0CeSS accordin g to cla 'm 4, wherein the iron 

1 In a pearIescent pigment comprising a platelet.ike * ^ pigment ' is 

z^wjssz&z!t - — ™: : t p,eraent " * 
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[57] ABSTRACT 
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started. 

9 Claims, No Drawings 



4,867,794 

1 2 

PROCFSS FOR PREPARTNP RI7TTT F mATFn °?" ^ rel ' ably de P 0sited ta the rutile modifica- 

PROCESS FOB IPREPARING ^RUTILE-COATED t.on on mica platelets, which is very simple to carry out 

PiOMJilNTS in industry, in which the titanium dioxide coating can be 

rack r,nnrn\rn np the im^wnnw » effected by simultaneously metering in titanium salt and 
BACKGROUND OF THE INVENTION 5 5ase , ^ m whjch the dn CQntent can be restricted £q 

The invention relates to a process for preparing pearl values below 1 % by weight, 

luster pigments based on metal oxide coated mica flakes Upon further study of the specification and appended 

wherein, to coat with titanium dioxide in the rutile claims, further objects and advantages of this invention 

form, not only TiOj but also SnC>2 is precipitated onto will become apparent to those skilled in the art 

the mica flakes in aqueous suspension and the pigment is 10 It has now been found that these objects can be 

then washed, dried and calcined. achieved if first a homogeneous coating of the mica 

Processes for preparing rutile^ontammg mica pig- wi th tin dioxide is carried out in such a way that ideally 

ments are known^not only from .German Patent Specifi- no tin salt remains in solution and only then the titanium 

cations Nos. 2,214,545 and 2,522,572 (equivalent to U.S. dioxide layer is precioitated 

Pat. No. 4,086,100) but also from U.S. Pat. No. 15 ^SZZ^ P T ^ . 

4 038 099 The present invention accordingly provides a process 

' In the process of DE Patent No. 2,522,572, first a ^£^ g fl P ? rl ^ ^ ° n ° Xide 

very thin titanium dioxide layer is precipitated onto ^ ! t ^ n f wher f ln \ t0 coat w «h Utamum d.ox- 
mica flakes followed alternatingly by at least one Sn0 2 J * mtlIe form n0t only tltamum dloxlde bu < also 

and TiOz layer, thicker layers being prepared by alter- 20 tm dl0Xlde 15 precipitated from aqueous metal salt solu- 
natingly precipitating a plurality of Sn02 and Ti0 2 Uons onto the Aakes in aqueous suspension and the 
layers. These Sn0 2 and Ti0 2 layers are in each case P^ Qnt * ^en washed, dried and calcined, which is 
prepared by slowly adding to the mica suspension, to- characterized in that the precipitation of the tin dioxide 
gether with a base for keeping the pH constant, the tin 1S concluded before the addition of the titanium salt 
salt solution with or without an oxidizing agent in the 25 solution. 

one case and the titanium salt solution in the other. In dptatt nccrDnmnw 

this way the precipitation can be very simply continued \ UfciCRIFITON 

until the metal oxides are present in the desired layer Surprisingly, this process gives a 100% rutilization in 
thickness and consequently the pigment has the desired a verv reliable manner even in the case of thick titanium 
interference color. Customary washing, drying and 30 dioxide layers even though only small amounts of tin 
calcining produces very brilliant pigments. However, a need to be used. For instance, even an amount of about 
disadvantage is the very complicated process, in partic- 0.25% by weight is sufficient. It is only to be on the safe 
ular in the case of relatively thick layers. In addition, it side that in general a somewhat higher tin content of 
requires relatively high tin dioxide contents, which in about 1% is preferred. However, these values are based 
general range from about 5 to 7% by weight, based on 35 on the weight of the mica used, so that the values based 
the completed pigment. 0 n the end product are still appreciably lower, depend- 

ttcb m ^ process of DE Patent 2,214,545 and ing on the amount of titanium dioxide precipitated on. It 
U.S. Pat. No. 4,038,099 can be carried out with smaller is also surprising that the amount of tin dioxide required 
amounts of tm, but other serious disadvantages remain. for the process of rutilization is substantially indepen- 
In this process, the mica suspension has added to it the 40 den t of the particle size of the mica used. 

thCn r ° ng ™ d 3 P °T To Precipitate the tin dioxide, the mica suspension is 
oTth°e f S^ -Tofa^ 

is added, and the suspension is heated to a boil; as a °^ ^mparticukr from about 10 to 2.5. 
result of hydrolysis and precipitation, titanium dioxide 45 ^JOTSE 2°0 '£ ITt 7T 
deposits on the mica flakes and, in the course of this fr ° m f ° Ut L5 J? 2 '° J" been . fou ? d '? be P artlcula '*y 
process, the remaining tin is incorporated as a tin oxide *™*m*- m Thereafter the tin salt solution is metered 
in the titanium dioxide layer as it forms. " toge c tbe ^ wlth a base ' P referabl V * a temperature of 

In this hydrolysis process, the thickness of the metal ab °5 50 C , t0 about 100 C 
oxide layer and hence the interference color of the 50 . 1116 ^ salt used can m P™ 0 ^ be any available 
pigment is determined from the start by the amount of dlvalent or tetravalent tin salt. On account of the easy 
metal salt added. Corrections in the course of the coat- accessibility and the low cost, it is preferable to use 
ing process and in particular accurate end point deter- SnCU, the pentahydrate producing particularly good 
mination as in the process of DE Patent No. 2,522,572 coatings. The base with which the pH of the suspension 
are not possible. 55 is maintained substantially constant during the coating 

However, it has been found, surprisingly, that it is not ste P j s fr eely choosable in principle, so that for example 
even possible to combine the tin dioxide precipitation as alkali metal hydroxide solutions, in particular diluted 
described in DE Patent No. 2,214,545 with the titanium sodium hydroxide solution, ammonium hydroxide or 
dioxide precipitation as described in DE Patent No. gaseous NH3 or, if desired, even conventional buffer 
2,522,572. Evidently, the tin salt remaining in solution 60 systems can be used, the contents of which can be easily, 
interferes with the titanium dioxide precipitation to determined by one of ordinary skill in the art. 
such an extent as to produce only qualitatively very Other parameters of the tin dioxide precipitation, e.g. 
poor pigments whose rutile content is a non-reproduci- time, temperature and concentration of solutions, are 
ble 100%. wholly conventional as disclosed in U.S. Pat. No. 

SUMMARY OF THE INVENTION 65 4 ' 040 ' 859 ' B ^ following the above mentioned process 

parameters a substantially complete precipitation of tin 
It is therefore an object of the present invention to . dioxide is reached, substantially complete meaning that 
find a process by means of which a titanium dioxide only such minor amounts of tin salts remain in solution 
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which don't negatively influence the following precipi- of SnCl 4 X 5 H 2 0 and 10 ml of concentrated hydrochlo- 

tation of titanium dioxide. ric acid while a pH of 1 .8 is maintained by the simuita- 

After the precipitation of tin dioxide has ended, the neous addition of dilute sodium hydroxide solution, 

mixture is generally stirred for some minutes to ensure An aqueous, approximately 20% strength by weight 

that all the tin has been precipitated, and then the pro- 5 TiCU solution is then added at a rate of about 2 ml/min 

cess of titanium dioxide precipitation is started. This while a pH of 1.6 is maintained with dilute sodium hy- 

process is uv principle carried out essentially conven- droxide solution. After a green interference color has 

tionally, except as noted below, in the manner described been obtained, stirring is continued for approximately a 

m DE Patent No. 2,009,566, where a titanium salt, in further half hour, and the pigment is separated off, 

particular T1CI4, is metered together with a base into 10 washed with water until salt-free, dried and calcined at 

the mica suspension at elevated temperatures. Surpris- 850° C. for 30 minutes. X-ray structure analysis shows 

ingly, however, it has been found that reliable rutile that the titanium dioxide layer is 100% in the rutile 

formation is easily achievable if the pH during the pre- form, 
cipitation is not substantially above 2.0. Preferred pH 

values which are within the same range as in the tin 15 EXAMPLES 2 to 4 

dioxide precipitation process, namely about 15 to 2.0. Example t is repeated, except that the titanium diox- 

The coated mica pigments are then worked up in a i de precipitation process is carried out at pH 1.8, pH 2.0 

conventional manner in that the pigment is separated ^ pH 2.2 respectively. X-ray structure analysis shows 

off washed, dried and then calcined. It has been found that 100% nitration is obtained, 

to be an advantage with the novel process that 100% 20 

rutilization is obtainable even under, relatively mild EXAMPLES 5 to 7 

calcination conditions. For instance an approximately Exam le x is tedf t that the te erature of 

2SE£! : r w 2 £ ° r ? ? mValen i the SUS P ension is 90 ° C and the titanium dioxide precipi- 

time/temperature combination is sufficient. Compared totion ocess ^ carried Qut at H { 6 R { % ^ P H 

Tomb nat^ 25 2 '° ^pectively. X-ray structure analysis shows that 

combination of 30 minutes/950 C. is customary, this 1C0 % rutilization is obtained. 

S T 3 K C ° n r i " The P^ ments of E * ara P les l " 7 ^ a composition 
™v£^ conforming to 39.5% by weight of mica, 60 0% by 

?rinc5li conventionally according to known weight of ^ ^ 0 5 ^ by w s dght Qf ^ y 

It has already been mentioned that using the process 3 ° EXAMPLE 8 

according to the invention even thick titanium dioxide r? 1 1 • . ^ , ' ~ . 

layers can be reliably obtained in the rutile form with- JSS^i? ffi^ of 

out incorporation of tin dioxide in the layer or as an ^JJ " * ? f U *>- T^S??' 
intermediate layer. In the Examples below; this is illus- „ obt ™f f * . a P^V cora P™ of J™?° * 
trated by reference to pigments having a green interfer- 35 W fjj£ °J f ™* *"* by 7* ht h ° f ™ 2 **« 5 * * 

ence color, since they have a particularly thick titanium w ^\ o{ f«9*j shows that 100% rutih- 

dioxide layer. However, since the titanium dioxide pre- * ° btamec *" . 

cipitation process can be stopped according to conven- vvnat is claimed is: 

tional processes at any desired color end point and at „ A > * P' ocess ^ the Preparation of metal oxide coated 
any desired layer thickness,* the process described 40 ?** ^ P^ 1 ^ P^ents, compnsmg precipitat- 
makes it possible to prepare any desired pigment with l? 5 ™ t0 a «n aqueous suspension a layer of tin 
TiOMayers of a thickness of up to 200 nm being reliably . dl0X ! de + ? d a l ay * r ° f U ^ mm dl0Xlde ' whe f ^ em the 
in the rutile modification As a rule the pigments possess Pf*2S5 ?" ?k to . * oxlde , !? substantially con- 
diameters of 1-200 urn and thicknesses of about 0.1-5 f luded before the P recl P ltat i°n of the titanium dioxide is 
u-m, diameters of about 5-60 u.m and thicknesses of ? Un A ' 

about 0.5 u-m being preferred, and can be used in all * * P rocess . fording to claim 1, wherein the tin 

conventional applications dioxide is precipitated from an aqueous solution of a 

Without further elaboration, it is believed that one dlValent ? r ^travalent tin salt and the titanium dioxide 

skilled in the art can, using the preceding description; „ * P Te A CI P ltated from an aqueous solution of TiCU. 

utilize the present invention to its fullest extent The 50 . 3. A process accordmg to claim 2, wherein the tin salt 

following preferred specific embodiments are, there- ® . . - , 

fore, to be construed as merely illustrative, and not . *• ^ Prooess according to claim 3, wherem the tin salt 

limitative of the remainder of the disclosure in any way IS ^ n ^ 5H 2°- 

whatsoever 5 * A P roce ss according to claim 1, wherein the tin salt 

In the foregoing and in the following examples, all 55 ™ ^ " th&t the tin C ° ntent ° f the 

temperatures are set forth uncorrected in degrees Cel- ^ en \ based on the mica used, is about 0.25 to 1.0% 
sius and unless otherwise indicated, all parts and per- by weight. 

centages are by weight process according to claim 1, wherein the tin 

The entire text of all' applications, patents and publi- « d T de is P^cipitated at a pH of about 1.5 to 2.0. 
cations, if any, cited above and below are hereby incor- 60 . 7 " A J T0CQSS according to claim 6, wherein the tita- 
porated by reference. mum dl0xlde 1S precipitated at a ph of about 1.5 to 2.0. 

8. A process according to claim 1, wherein the pre- 
EXAMPLES cipitation of the metal oxides is carried out at a tempera- 

EXAMPLE I ture of about 50 ° to about l00 ° c - 

- 65 9. A process according to claim 1, wherein the pig- 

in c n sus P ension of 100 S of mica of a particle size of ment is calcined at about 850° C. for at least thirty min- 
10 to 50 M m in 2 1 of water are added at 75° C. in the utes or under conditions equivalent thereto. 
course of one hour 60 ml of an aqueous solution of3g J ^ 
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PRODUCT SPECIFICATIONS & PROPERTIES 

FLAMENCO TWILIGHT GOLD 
Product No. 2302B 



Description: 
Pigment Type: 

Chemical Composition: 



CTFA Definition: 
Trace Elements: 

Microorganisms: 
P H: 



An greyish, free flowing powder with a pale yellow reflection. 

Platelets of mica coated with titanium dioxide and iron oxide and i 
small amount of stannic oxide. 



Mica 
TI0 2 

Cos. Black Fe 3 0 4 
SnOo 



By Weight 


C! No. 


CAS No. 


42-57% 


77019 


12001-26-2 


30-39% 


77891 


1317-80-2 


13-17% 


77499 


1317-61-9 


0.2-2.0% 


77861 


18282-10-5 



Mica and titanium dioxide and iron oxide. 



Lead (Pb) 
Arsenic (As) 



15ppmmax 
2 ppm max 



NoPat^genT" * ^ (detectfon ,lmtt < 1 ° °'g/gram). 

7.0-11.0 (4% aqueous suspension) 



Particle Size: 
Density: 

Bulk Density (Appx.): 
(ASTM D-716-86) 



TYPICAL PROPERTIES 

3.4 Kg/L 27.9 lbs/gal 

24g/100cm 3 3 .9g/in 3 Appx. 15 lbs/ft 3 
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PRODUCT SPECIFICATIONS & PROPERTIES 

CLOISONNE REGAL GOLD 
Product No. 233XB * 



Description: ; 

">••- 

Pigment Type: 
Chemical Composition: 



CTFA Definition: 
Trace Elements: 

, Microorganisms: 
PH: 



A greyish gold, free flowing powder. • 

Platelets of mica coated with titanium dioxide and Iron oxide and a 
small amount of stannic oxide. . mm? 



By Weight . 'if. CI No. CAS No. • 



Mlca> .•• ■->■ 
Cos. Black FegO^ 
SnO« ' ''- \'%:" 



•|36-51% 
33-40% 
13-17% 

v 3-6% 

#1-1.0% 



77019 
V77891 
77499 
77491 
77861 



Mica (and) Titanium Dioxide (and) Iron Oxide. ' 



Lead(Pb) 
Arsenic (As) 



16 ppm max. 
y 2 ppm max. 



12001-26-2 
1317-80-2 . 
1317-61-9 ? 
1309-37-1 
18282-W-5 



UoP#^£!t - 9 ? ramne9atitV ' eS detection limit <10 org/gram)^ 
6.0 -10.5 (4% aqueous suspension) 



TYPICAL PROPERTIES 



Particle Size: 



Density: 

Bulk Density (Appx,): 
(ASTM D-716-86) 



95% of platelets are between 6 - 48/i m in length by light scattering 
measurement on the 233X ^ 

3.45 Kg/L 28.7 lbs/gal 

25.6 g/100 cm 3 4.2 g/in 3 Appx. 16 lbs/ft 3 
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[57] ABSTRACT 

The invention relates to a weather-resistant, pearlescent 
pigment which comprises mica flakes coated with a 
metal oxide as base material, (a) hydrated zirconium 
oxide formed by hydrolysis of a zirconyl compound in 
the presence of a hypophosphite, and (b) a hydrated 
metal oxide (or oxides) formed by hydrolysis of a water- 
soluble compound (or compounds) of at least one mem- 
ber selected from the group consisting of cobalt, manga- 
nese and cerium, said components (a) and (b) being 
deposited on the surface of said base material. 

12 Claims, No Drawings 
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technique to mica flakes coated with metal oxides in- 

WEATHER-RESISTANT, PEARLESCENT eluding titanium dioxide failed to fully suppress the 

PIGMENT AND PROCESS FOR PRODUCING THE adverse activity of titanium dioxide as mentioned 

SAME IN THE PRESENCE OF HYPOPHOSPHITE above; coated film containing the thus-obtained pig- 

5 ment showed unsatisfactory results when subjected to 
This application is a continuation of application Ser. tests involving light irradiation, such as outdoor expo- 
No. 07/353,834, filed May 18, 1989, abandoned. sure tests and accelerated weathering tests. 

BACKGROUND OF THE INVENTION . In the automotive industry, there has been an increas- 
ing demand for pearlescent gloss finish, and this re- 

We formerly succeeded in developing water-resistant 10 quires the development of new pearlescent pigments for 

pearlescent pigment that can be applied to paint for outdoor paint that contain no chromium compounds 

outdoor use, particularly to paint for exterior coating of and show high gloss and outstanding weatherability. 

cars (Japanese Patent Application No. 276687/1986, This invention provides novel, weather-resistant 

equivalent to allowed U.S. application Ser. No. pearlescent pigments that will meet the above-men- 

07/123,474, filed Nov. 20, 1987). 15 tioned requirements, and processes for producing the 

Paint for outdoor use, for example, paint suitable for same, 
exterior coating of cars, must be such that the coated 

film shows no change in appearance when exposed to SUMMARY OF THE INVENTION 
various weather conditions. This invention relates to pearlescent pigments corn- 
It is known that particles of titanium dioxide, if con- 20 posed of mica flakes coated with a metal oxide as base 
tained in a coated film, tend to induce oxidative decom- material, and a second coating comprising hydrated 
position of the polymer that constitutes the coated film zirconium oxide and a hydrated oxide (or oxides) of at 
by the action of near ultraviolet rays and moisture, thus least one metal selected from the group consisting of 
leading to chalking. To suppress such an activity of cobalt, manganese and cerium, and to processes for 
titanium dioxide, many techniques have been proposed 25 producing the same. 

and adopted in commercial products, in which titanium More particularly, it relates to novel, weather-resist- 
dioxide is doped or coated with a chromium, silicon, ant pearlescent pigment and to processes for producing 
aluminum, zinc, phosphorus or zirconium compound, the same, in which this novel pearlescent pigment corn- 
either alone or in combination. prises mica flakes coated with a metal oxide as base 
Aluminum flake pigment is also used in paint for 30 material, (a) hydrated zirconium oxide formed by hy- 
exterior coating of cars, and it is known that paint of this drolysis of a zirconyl compound in the presence of a 
type also tends to undergo changes in appearance when hypophosphite, and (b) a hydrated metal oxide (or ox- 
exposed to various weather conditions. Known meth- ides) formed by hydrolysis of a water-soluble com- 
ods for evaluating the tolerance of pigment to weather pound (or compounds) of at least one member selected 
conditions, are outdoor exposure tests and accelerated 35 from the group consisting of cobalt, manganese and 
weathering tests. When the water resistance alone is to cerium, said components (a) and (b) being deposited on 
be evaluated, coated boards are exposed to an atmo- the surface of said base material, 
sphere of high temperature and humidity (blister box 

test) or immersed in hot water (hot-water immersion DETAILED DISCLOSURE OF THE INVENTION 
test) to examine the resulting deterioration in gloss and 40 We have discovered that a coating comprising hy- 
changes in color. drated zirconium oxide formed under specific condi- 
It is generally accepted that such deterioration in tions and a hydrated oxide (or oxides) of at least one 
gloss and changes in color are a result of light scattering metal selected from the group consisting of cobalt, man- 
caused by micropores in the coated film, which have ganese and cerium, show sufficiently high weatherabil- 
been formed by permeation of water or steam to pro- 45 ity as required of the above-mentioned pearlescent pig- 
duce minute blisters, followed by evaporation of the ment. 

water * m Noting that a coating of hydrated zirconium oxide 
Pearlescent pigments comprising metal-oxide-coated formed under specific conditions alone was insufficient 
mica (mica flakes with their surface coated with a metal to give satisfactory results in outdoor exposure tests and 
oxide, such as titanium oxide, iron oxide and a combina- 50 accelerated weatherability tests, we further continued 
tion thereof) have been widely employed in notions for studies to overcome this difficulty and succeeded in 
daily use, toys, packaging materials and many other uses providing the novel, weather-resistant pearlescent pig- 
as colorants for paint, printing ink and plastics, and their ments of this invention. 

application has recently been expanded to outdoor uses, The weather-resistant, pearlescent pigments of this 

such as exterior coating for cars and construction mate- 55 invention comprise mica flakes coated with a metal 

oxide as base material, (a) hydrated zirconium oxide 

However, conventional pearlescent pigments, when formed by hydrolysis of a zirconyl compound in the 

submitted to the water resistance tests (blister box and presence of a hypophosphite, and (b) a hydrated metal 

hot-water immersion tests), show deterioration in gloss oxide (or oxides) formed by hydrolysis of a water-solu- 

and changes in color as in the case with aluminum flake 60 ble compound (or compounds) of at least one member 

pigments, and hence it has been pointed out that some selected from the group consisting of cobalt, manganese 

modification is required for pigments of this type to be and cerium, said components (a) and (b) being deposited 

applied to paint for outdoor use, particularly to paint for on the surface of said base material. This new pearles- 

exterior coating of cars. cent pigment, when applied to paint for outdoor use, 

The pigment of the new type in U.S. Ser. No. 65 gives coated film with outstanding weatherability. 

07/127,474 shows excellent gloss and water resistance The novel, weather-resistant pearlescent pigment of 

without using any chromium compound, but is still this invention can be produced according to the meth- 

insufficient in resistance to light. Application of this ods described below. 
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Mica flakes coated with a metal oxide are used as base CeCl 3 .7H 2 0, Ce(N03)3.6H 2 0, Ce2(S04) 3 .8H 2 0 and 
material. An aqueous slurry of this base material is Ce(S0 4 ) 2 .4H 2 0 are examples of the water-soluble ce- 
treated, at a temperature in the range from 50" C. to its rium compounds. 

boiling point in the presence of a hypophosphite, with a In a preferred embodiment of the processes for pro- 
salt of zirconium that can be hydrolyzed into hydrated 5 ducing pearlescent pigment of this invention, an aque- 
zirconium oxide and with a water-soluble compound ous solution of a hypophosphite is slowly added to an 
(or compounds) of at least one member selected from aqueous solution of a zirconium or zirconyl compound 
the group consisting of cobalt, manganese and cerium at a temperature lower than 50* C. with stirring so as 
that can be hydrolyzed into the corresponding hydrated not to form white precipitate, and hydrochloric acid is 
metal oxide (or oxides), thereby causing the hydrated 10 added to the clear solution thus obtained, affording a 
metal oxides to deposit on the surface of said base mate- mixed solution of the hypophosphite and the zirconium 
rial. In this case, all of the hydrated metal oxides may be or zirconyl salt. Separately, a base material is slurried in 
formed simultaneously, or part or all of the individual water to a concentration of 5 to 1 5 weight %, the slurry 
oxides may be formed separately. is tnen heated with stirring to a temperature from 50' C. 

The pearlescent base pigment can thus be coated with 15 t0 its boiling point, and its pH is adjusted to 2 to 6 by 
hydrated zirconium oxide and a hydrated metal oxide addition of hydrochloric acid or the like. To this slurry, 
(or oxide) of at least one member selected from the is added an aqueous solution of a water-soluble corn- 
group consisting of cobalt, manganese and cerium, with P° und < or compounds) of at least one member selected 
no adverse effect upon its dispersibility, giving new from cobalt » manganese and cerium as mentioned 
pearlescent pigment which shows outstanding weather- 20 above - solution of hypophosphite and zirconium 
ability when applied to paint for outdoor use. (or zirc0nvJ ) compound prepared above is then added 

Any type of commonly employed metal-oxide-coated dn>pwise with stirring at a constant rate while maintain- 
mica flakes may be used as the base material in the mg the pH at a constant level within the range from 2 to 
manufacturing processes of this invention. As the metal 6 by addltl0n of an aqueous alkaline solution (e.g., a 
oxide may be mentioned oxides of titanium, iron, tin, 25 caust,c soda f lutl0n ). ^ d the mixture is stirred at that 
chromium and zirconium, and any combinations of tem P era ture for at least 30 minutes. After raising the pH 
these metal oxides. Of these, the oxide of iron may be t0 a ! eve J of 5 t0 9 by * d * lll °" of an a ^ ueous alkaline 
ferrous oxide, ferric oxide or a mixture thereof. Prefera- $ ° Iu f t,0n < c -*» ! caustIC soda ^tion), stirring is further 
bly used are mica flakes coated with rutile titanium , n C °f " Ue 31 ?** tem P* rature fo ' at ^« 30 minutes, 
dioxide and those coated with iron oxide containing 30 ™L%JT ? P "?f ? 
titanium oxide. These are well-known pigments dis W ?J I ™ J T w , f k * * ° C - 
closed in U.S. Pat. Nos. 3 553 001, 3 711 308, 3 874 890, Jl^ "^wf ^ manufacturing pro- 

3 926 659, 3,951,679, 4,084,983, 4,086,100 and 4,128,435 Zllt ZS ? ° 

These base pigments, modified by treatment with a „ * $1 ° Wly ^ t0 a " aqUCOUS S ° lutl ° n of a 

~r t r T L 35 zirconium or zirconyl compound at a temperature 

£T™ t J7T ° r Z ' nC r ^ gher Sta " lower than 30 " C - "irring so as not to form white 
om.y, may aiso oe used tor the purpose ot this inven- p re cipiute ( and hydrochloric acid is added to this clear 

n.t— ™~ n t fn ^ solution to afford a mixed solution of the hypophosphite 

f , S 3 0f ? ,0 2 2° ^ the zirconium or zirconyl salt . Separately, a base 

u 50 SST , h l t0 5 ^ m ' b "V h0Se . ab ° Ut , 5 40 materiaI is turned in wat <* » « concentration of 5 to 15 

*J?l?Z£?T el ^k 01 " 02 l ° 09 ,h,Ck " wei S ht % - * e slu "y is *« hea "d ^ "irring to a 

nets are preferably used ,n the processes of this inven- f£mperature from 50 . c t0 its MSing ^ and ?„ pH 

a , ... i. r .u i u. , is adjusted to 2 to 6 by addition of hydrochloric acid or 

,,nl S 7 u h wa ; er - soluble z ~ *> lts the like. To thisslurry is added dropwise with stirring 
capable of forming hydrated zirconmmox.de by hydro- 45 the w6hl&tB 0 f a hypophosphite and a zirconium (or 
X Z ~, e ™ ay ... men,10nea normaI sal« such as z i rC onyl) compound prepared above at a constant rate 
ZrCU Zr(N03) 4 .5H20 and Zr(S0 4 )^H 2 0 and zirco- while maintainmg the p H at a constant level within the 
nyl salts such as ZrOOj ,8H 2 0 ^ZrO(N0 3 ) 2 .2H 2 a ZrO- range from 2 to 6 by ^ dit i on of an aqucous ^Ime 
S04.4H 2 0 and ZrO(CH 3 COO) 2 . Of these, ZrOCl 2 .8- ^Ukm (e.g., a caustic soda solution), and the mixture is 
H 2 0 is the most preferred because of the ease of han- 5 0 stirred at that temperature for at least 30 minutes. An 
dhng and availability. aqueous solution of a water-soluble compound (or com- 

Illustrative water-soluble hypophosphites include p0U nds) of at least one member selected from cobalt, 
^ ^ 2 S;^ NaH2P w 2 • H20^ < NH *> H * PO * KR 2 P °^ manganese and cerium as mentioned above is then 
? m 2 ^?\ 2, u M g( R 2 p °2)2 ) Co( 2 P0 2 ) 2 .6H 2 0, a dded, the pH is raised to a level of 4 to 9 by addition of 
Mn(H 2 P0 2 )2.H 2 O f Zn(H 2 P0 2 ) 2 .6H 2 O and 55 an aqueous alkaline solution (e.g., caustic soda solution), 
Pb(H 2 P0 2 ) 2 . Of these NaH 2 P0 2 .H 2 0 is the most pre- stirring is further continued at that temperature for at 
ferred because of the high solubility, nontoxicity and least 30 minutes and the reaction product is collected by 
ease of availability. . filtration, washed with water and dried at 80* to 130* C. 

As can be seen, the precise natures of the anion of the In a third embodiment of the manufacturing pro- 
Zr-containing salt and the cation of the hypophosphite 60 cesses of this invention, base material is slurried in water 
are not critical and need only be compatible with the to a concentration of 5 to 15 weight %, the slurry is then 
underlying process. heated with stirring to a temperature from 50 # C. to its 

Examples of the water-soluble manganese com- boiling point, and its pH is adjusted to 2 to 6 by addition 
pounds are CoCl 2 .4H 2 0, Co(N0 3 ) 2 .6H 2 0, CoS0 4 .7- of hydrochloric acid or the like. To this slurry is added 
H 2 0 and Co(CH3COO) 2 . 65 an aqueous solution of a water-soluble compound (or 

Examples of the water-soluble manganese com- compounds) of at least one member selected from co- 
pounds are MnCl 2 .4H 2 0, Mn(N0 3 ) 2 .nH 2 0, MnS0 4 .4- bait manganese and cerium as mentioned above the pH 
5H 2 0 and Mn(CH3COO) 2 .4H 2 0. is then raised to a level of 4 to 9 by addition of an aque- 
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ous alkaline solution (e.g a caustic ssoda solution), and cerium white to faint yellow color. Hence, various 

sttrnng is continued at that temperature for at least 30 desired colors be obtained by using these oxides either 

minutes. Separately, an aqueous solution of a hypophos- alone or in combination. 

phite is slowly added to an aqueous solution of a zirco- In the above-mentioned manufacturing processes the 

?!H m <%n IC °l y '. c ° m P° und a < a t^perature lower 5 solution of zirconium or zirconyl salt may also contain 

han 50 C. with sttrnng so as not to form white precipi- other types of metal salts, such as a water-soluble salt of 

tate, and hydrochloric acid .s added to this clear solu- aluminum, zinc, tin, cobalt, manganese and cerium. In 

ton to afford a mixed solution of the hypophosphite and addition, an aluminate, zincate, silicate or phosphate 

the zircontum or zirconyl salt. This solution is added may also be added to the aqueous solution of hypophos- 

dropwise with stimng to the slurry prepared above at a 10 phite and/or to the aqueous alkaline solution in an 

u°v, S . ^ ! th?n e r m 7 ta,mn 8 * e P H at a . constant a ">ount that allows the formation of hydrated zirco- 

level within the range from 2 to 6 by addition of an nium oxide 

aqueous alkaline solution (eg., a caustic soda solution), Furthermore, the base pigment on which hydrated 

and the mixture is stirred at that temperature for at least zirconium oxide has been deposited may be treated with 
30 minutes After raising the pH to a level of 5 to 9 by 15 a coupling agent (e.g., a silane coupling agent) to fur- 

addition of an aqueous alkaline solution (e.g., an aque- ther improve the water resistance of the pearlescent 

ous solutmn of caustic soda), stirring is continued at that pigment of this invention and to ensure its higher aflin- 

temperature for at least 30 minutes, and the reaction ity for coating materials 

^H Ct H 1S ^ C . ,eC !, b n^ ltrati0n • Wash£d With Water Silane C0U P lin 8 a 8 ents «« known as compounds 
and dried at 80 to 130 C. 20 which act upon the interface between an organic mate- 
In the processes for producing weather-resistant rial and an inorganic material, thereby enhancing the 
pearlescent pigment of this invention, methods other affinity between the two 

than that described above may also be adopted for the Illustrative examples of silane coupling agents in- 
formation of hydrated zirconium oxide. For example, elude y-(2-aminoethyl)aminopropyl-trimethoxysilane, 
an aqueous slurry ofbase material is adjusted to pH 1 to 25 y-(2-aminoethyl)aminopropyl-methyl-dimethoxysilane, 
2 with hydrochloric acid or the like, an aqueous solu- 7-methacryloxypropyl-methyl-trimethoxysilane, y . 
tion of a zirconium or zirconyl salt is added with stir- glycidoxypropyltrimethoxysilane, y-mercaptopropyl- 
ring and then an aqueous solution of a hypophosphite is trimethoxysilane, vinyltriacetoxysilane, y-chloro- 
slowly added while maintaining the temperature in the propyltrimethoxysilane, vinyltrimethoxysilane, oc- 
range from 50 C to the boiling point of said slurry. 30 tadecyldimethyl-[3-(trimethoxysilyl)-propyl]am- 
Stirnng is continued at that temperature for some time, monium chloride, Y-mercaptopropyl-methyl-dimethox- 
and an aqueous alkaline solution (e.g., a caustic soda ysilane, methyl-trichlorosilane, dimethyl-dichlorosilane 
solution) is slowly added by means of a metering feeder and trimethyl-chlorosilane. In actual practice, a com- 
to raise the pH of slurry to a level of 4 to 9. pound having a functional group suited for the organic 
In another method, an aqueous solution of a zirco- 35 vehicle to be combined with the pigment, under consid- 
mum or zirconyl salt and an aqueous solution of a hypo- eration is selected. For example, y-(2-aminoethyl- 
phosphite are separately added dropwise with stirring )aminopropyltriraethoxysilane, -y-methacryloxypropyl- 
each at a constant rate and at a definite proportion to an trimethoxysilane and y-glycidoxypropyl-trimethoxysi- 
aqueous slurry of base material while holding the tern- lane are suitable for acrylic vehicles 
perature within the range from 50* C. to the boiling 40 The treatment is effected by adding a solution of a 
point of said slurry and maintaining the pH at a constant silane coupling agent in water, or in a mixture of water 
level within the range of 2 to 6 by addition of an aque- and an organic solvent, to an aqueous slurry of pearles- 
ous alkaline solution (e.g., a caustic soda solution). Stir- cent pigment coated with hydrated zirconium oxide 
ring is continued at that temperature for at least 30 stirring the mixture for at least 15 minutes, and collected 
minutes, and the pH is rased to a level of 5 to 9 by 45 the treated powder by filtration, followed by washing 
addition of an aqueous alkaline solution (e.g., a caustic with water and drying at 80' to 130* C. 
t f5 ,Iutl0n) -. The treating solution used above should contain 0.1 
In the manufacturing processes of this invention, the to 3%, preferably 0.5 to 2%, of the silane coupling 
water-soluble salt capable of forming hydrated zirco- agent based on the weight of pigment being treated, and 
mum oxide is used generally in an amount of 0.001 to 50 the concentration of the agent should be in the range 
0.05 mole, preferably 0.005 to 0.03 mole, per 100 g of from 0.1 to 5 weight %. 

the base pigment and the hypophosphite is used in such The pearlescent pigment of this invention thus pre- 
an amount that the atomic ratio of phosphorus to zirco- pared shows weatherability sufficiently high to be em- 
mum wil be ui the range from 1:2 to 10:1, preferably ployed as a colorant of paint for outdoor use, particu- 

t^L 1" t 55 larly ex,erior P aint fo>" case, and its dispersibility re- 

1 he amount of water-soluble compound of cobalt, mains high, with no adverse effect at all upon the color 
manganese or cenum. when used alone, is 0.003 to 0.03 tone and gloss of the base pigment 

^ P nmf b . ly «m 7 ,0 ,° 015 , m ° le ' f ° r C ° balt COra - ^ P^ent of this invention can be 

pound: 0.001 to 0.01 mole, preferably 0.003 to 0.007 applied not only to paint for outdoor use, but also to 

mo e. for manganese compound; and 0.0006 to 0.006 60 many other materials used outdoors, such as plastics 

mole, preferably 0.001 to 0.004 mole, for cerium com- and as a colorant for printing inks 

pound (each per 100 g of base pigment). Without further elaboration, it is believed that one 

I he amount of hydrated zirconium oxide deposited skilled in the art can, using the preceding description 

on the pigment substrate is typically about 0.1-6% by utilize the present invention to its fullest extent The 

weight based on the pigment and calculated as ZrOj, 65 following preferred specific embodiments are, there- 

preferably about 0.5-4% by weight. fore, to be construed as merely illustrative, and not 

1 he hydrated oxide of cobalt assumes a blue to green limitative of the remainder of the disclosure in any way 

color, that of manganese a brown color, and that of whatsoever. 
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, J, n J^„ < ! 0 r 8Oin8 .Til" f0ll0w V > 8 «»">Pl«.' a" cept that 0.0625 g manganese sulfate (MnS0 4 .4-5H 2 0) 

S »X« n ,l uncorrected m degrees Cei- an d 0.454 g cobalt sulfate (CoS0 4 .7H O) were used in 

«5iS?ySST mdlCa,ed> ^ ^ ^ P«- of 0 567 g cerium chloride (CeCl 3 .7H 2 0). 

Th? M tir*t~t.«?*t! v j Lf . lhe solid product thus obtained was faint orangy- 

sponding application Japanese No. M-UoS filed May ST* b ' Ue reneC " 0n C ° lor 3,1(1 y elIow transmission 
19, 1988, are hereby incorporated by reference. 

The properties of pigments obtained in these Exam- Example 5 

pies are listed in Table 1 shown later. in » , ^ 

1W A l wt-% aqueous solution containing 1.88 g sodium 

EXAMPLES hypophosphite (NaH 2 P0 2 .H 2 0) was added at room 

Example 1 temperature with stirring to a 10 wt-% aqueous solution 

At , . containing 2.88 g zirconium oxychloride (ZrOCl 2 .8HO) 

hv r vf q ™ lI u conummg 1.88 g sodium so slowly as not to form any white precipitate. To the 
hypophosphite (NaH 2 P0 2 .H 2 0) was added at room » clear solution thus obtained, was added 30 g of 3.5 

SST, « th St r mng t0 3 10 ^'t ^" ro " S ^, ti0n Wt " % hydrochloric acid, affording a mixed solution of 

H?oTr,In J g f, rC ? n,Um 0XyC "° ndC ( ZrOCI 2-8- ^rconium oxychloride and sodium hypophosphite. 

H 2 0) so slowly as not to form any white precipitate. To Separately, 50 g of mica flakes coated with rutile 

^SZS^^fT^ " added , 30 i g ° f H m ™ nium " ^ «ie type n Extple 

wt-% hydrochlonc acid, afTording a mixed solut on of 20 * nwn A~* L vyi ^ .u ; 

zirconium oxychloride and sodium hypophosphite. E^dffi?^ W r ^ .7 ^ 

Separately, 50 g of mica flakes coated with rutile VJ- C ^V^T,"*. AftCf * d ~ 

titanium dioxide (about 48% based on the total weigh ) *5 f t0 3 f by add ! t,0n ^hydrochloric acid, the 

having a particle size of 10 to 50 u and showing blue ° f ~ and SOd,U,n 

reflection color and yellow transmission color (Triodin 25 h W««»plute prepared above was added dropwise at a 
225 Rutile Blue; product of E. Merck) were suspended ? tC °™ „™ whlle ma / nUinin 8 th * PH at 3 by addi- 
in 500 ml water, and the slurry thus obtained was heated 100 ° f 1 Wt ' % aquC0US Solutlon of caustic soda ' Stirrin S 
to 75' C with stirring. The pH was adjusted to 3 by W f contlnucd at 75 C f °r 30 minutes, 1 wt-% aqueous 
addition of hydrochloric acid, 1 wt-% aqueous solution *° lu t ,on containing 0.567 g cerium chloride (CeC] 3 .7- 
containing 0.567 g cerium chloride (CeCl 3 .7H 2 0) was 30 Hz °) was added » the " 1 wt-% aqueous solution of caus- 
added, and then the mixed solution of zirconium oxy- tlC soda was added dr opwise at a rate of 2,4 ml/min 
chloride and sodium hypophosphite prepared above until the pH 0 reached 7.2, and stirring was further con- 
was added dropwise at a rate of 4 ml/min while main- tinued at 75° C. for 30 minutes. 

taining the pH at 3 by addition of 1 wt-% aqueous solu- ^ solid matters were collected by filtration, 

tion of caustic soda. Stirring was continued at 75* C. for 35 wasn ed with water and dried at 120* C. 

30 minutes. The solid product thus obtained was grayish-white, 

The solid matters were collected by filtration, pearlescent pigment with good dispersibility showing 
washed with water and dried at 120° C. blue reflection color and yellow transmission color. 

The solid product thus obtained Was grayish-white, 
pearlescent pigment with good dispersibility showing 40 Example 6 

blue reflection color and yellow transmission color. Fift Y grams of mica flakes coated with rutile titanium 

F . dioxide (the same type as used in Example 1) were 

example 1 suspended in 500 ml water, and the slurry thus obtained 

Fifty grams of mica flakes coated with rutile titanium was heated to 75' C. with stirring. After adjusting the 
dioxide (the same type as used in Example 1) were 45 pH to 3 by addition of hydrochloric acid, 1 wt-% aque- 
treated in much the same manner as in Example 1) were ous solution containing 0.567 g cerium chloride 
treated in much the same manner as in Example 1, ex- (CeCh.7H 2 0) was added, then 1 wt-% aqueous solution 
cept that 0.756 g cobalt sulfate (CoS04.7H 2 0) was used of caustic soda was added dropwise at a rate of 2.4 
in place of 0.567 g cerium chloride (CeCl 3 .7H 2 ). ml/min until the pH reached 7.2, and stirring was fur- 

The solid product thus obtained was greenish-white, 50 ther continued at 75" C. for 30 minutes, 
pearlescent pigment with good dispersibility showing Separately, I wt-% aqueous solution containing 1.88 

blue reflection color and yellow transmission color. g sodium hypophosphite (NaH 2 P0 2 .H 2 0) was added at 

Example 3 r °° m tcxn P eraturc wth stirring to a 10 wt-% aqueous 

„ solution containing 2.88 g of zirconium oxychloride 

titty grams of mica flakes coated with rutile titanium 55 (2rOCl 2 .8H 2 0) so slowly as not to form any white 
dioxide (the same type as used in Example 1) were precipitate. To the clear solution thus obtained was 
treated in much the same manner as in Example 1, ex- added 30 g of 3.5 wt-% hydrochloric acid, afTording a 
cept that 0.625 g manganese sulfate (MnS0 4 .4-5H 2 0) mixed solution of zirconium oxychloride and sodium 
was used in place of 0.567 g cerium chloride (CeCl 3 .7- hypophosphite. This solution was added dropwise to 
H ?2f- r . ' 60 the slurry prepared above at a rate of 4 ml/min while 

I he solid product thus obtained was orangy-white, maintaining the pH at 3 by addition of 1 wt-% aqueous 
pearlescent pigment with good dispersibility showing solution of caustic soda, stirring was continued at 75 for 
blue reflection color and yellow transmission color. 30 minutes, 1 wt-% aqueous solution of caustic soda was 

Example 4 added dro P wise at a rate of 2.4 ml/min until the pH 

r . « , 65 reached 7.2, and stirring was further continued at 75" C 

f-ifty grams of mica flakes coated with rutile titanium for 3 minutes, 
dioxide (the same type as used in Example 1) were The solid matters were collected by filtration washed 
treated in much the same manner as in Example 1, ex- with water and dried at 120° C 
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The solid product thus obtained was grayish-white, 
pearlescent pigment with good dispersibility showing 
blue reflection color and yellow transmission color. 

Example 7 

Fifty grams of mica flakes coated with rutile titanium 
dioxide (the same type as used in Example 1) were 
suspended in 500 ml water, and the slurry thus obtained 
was heated to 75* C. with stirring. After adjusting the 
pH to 1.6 by addition of hydrochloric acid, 1 wt-% 
aqueous solution containing 0.567 g cerium chloride 
(CeCl3.7H20) and 10 wt-% aqueous solution containing 
2.88 g zirconium oxychloride (ZrOCl 2 .8H 2 0) were 
added. A 1 wt-% aqueous solution containing 1.88 g 
sodium hypophosphite (Nar^PO^O) was then 
added with stirring at a rate of 3. 1 ml/min, stirring was 
continued at 75° C. for 30 minutes, 1 wt-% aqueous 
solution of caustic soda was added drop wise at a rate of 
5.3 ml/min until the pH reached 7.2, and stirring was 
further continued at 75° C. for 30 minutes. 

The solid matters were collected by filtration, 
washed with water and dried at 120° C. 

The solid product thus obtained was grayish-white, 
pearlescent pigment with good dispersibility showing 
blue reflection color and yellow transmission color. 

Example 8 

Fifty grams of mica flakes coated with rutile titanium 
dioxide (the same type as used in Example 1) were 
treated in much the same manner as in Example 1. To 
the slurry of solid product before filtration, was added 
1 wt-% aqueous solution containing 0.5 g of y-glycidox- 
ypropyl-trimethoxy-silane (a silane coupling agent, 
SH6040; product of Toray Silicone Inc.), and the mix- 
ture was stirred at 75" C. for 30 minutes. 

The solid matters were collected by filtration and 
dried at 120° C. 

The solid product thus obtained was grayish-white, 
pearlescent pigment with good dispersibility showing 
blue reflection color and yellow transmission color. 

Streamlines were observed when this pigment was 
suspended in an organic solvent of low polarity (e.g., 
toluene), indicating its enhanced affinity for organic 
substances. 
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adjusting the pH to 3 by addition of hydrochloric acid, 
1 wt-% aqueous solution containing 0.567 g cerium 
chloride (CeCb.7H20) and 1 wt-% aqueous solution 
containing 0.41 g zinc chloride (ZnCl 2 ) were added. 

Separately, a 1 wt-% aqueous solution containing 
1-88 g sodium hypophosphite (NaH2P02.H 2 O) was 
added at room temperature with stirring to a 10 wt-% 
aqueous solution containing 2.88 g zirconium oxychlo- 
ride (ZrOCl 2 .8H20) so slowly as not to form any white 
precipitate. To the clear solution thus obtained, was 
added 30 g of 3.5 wt-% hydrochloricacid, affording a 
mixed solution of zirconium oxychloride and sodium 
hypophosphite. This solution was added drop wise to 
the slurry prepared above at a rate of 4 ml/min while 
maintaining the pH at 3 by addition of 1 wt-% aqueous 
solution of caustic soda, stirring was continued at 75° C. 
for 30 minutes, 1 wt-% aqueous solution of caustic soda 
Was added drop wise at a rate of 2.4 ml/min until the pH 
reached 7.2, and stirring was further continued at 75* C. 
20 for 30 minutes. To the slurry thus obtained, was added 
1 wt-% aqueous solution of y-(2-aminoethyl)amino- 
propyltrimethoxy silane (a silane coupling agent, 
SH6020; product of Toray Silicone Inc.), and stirring 
was continued at 75° C. for 30 minutes. 

The solid matters were collected by filtration, 
washed with water and dried at 120° C. 

The solid product thus obtained was yellow, pearles- 
cent pigment with good dispersibility showing gold 
reflection color. 

Streamlines were observed when this pigment was 
suspended in an organic solvent of low polarity (e.g., 
toluene), indicating its enhanced affinity for organic 
substances. 
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Comparative Example 1 (dispersibility when 
hypophosphite is not used) 

Fifty grams of mica flakes coated with rutile titanium 
dioxide (the same type as used in Example I) was sus- 
pended in 500 ml water, the slurry thus obtained was 
40 heated to 75° with stirring, the pH was adjusted to 1.6 
by addition of hydrochloric acid, and 10 wt-% aqueous 
solution containing 2.88 g zirconium oxychloride 
(ZrOCL 2 .8H 2 0) was added. To the resulting slurry, 
was added drop wise 1 wt-% aqueous caustic soda solu- 
45 tion with stirring at a rate of 5.3 ml/min until the pH 
reached 7.2, and stirring was continued at 75' C. for 30 
minutes. 

The solid product was collected by filtration, washed 
with water and dried at 120' C, giving grayish- white 
powder containing small lumps. 

Comparative Example 2 (dispersibility when no cerium 
compound is used) 

Fifty grams of mica flakes coated with rutile titanium 
55 dioxide (the same type used in Example 1) was sus- 
pended in 500 ml water, the slurry thus obtained was 
heated to 75' C. with stirring, the pH was adjusted to 
1.6 by addition of hydrochloric acid, and 10 wt-% aque- 
ous solution containing 2.88 g zirconium oxychloride 
60 (ZrOCb.8H20) was added. To the resulting slurry, was 
added dropwise with stirring a 1 wt-% aqueous solution 
containing 1.88 g sodium hypophosphite (NaH 2 P0 2 .- 
H2O) at a rate of 3.1 ml/min, and the mixture was 

,f in. en j • . o-k~— stirred at 75° C. for 30 minutes. A 1 wt-% aqueous 

ol 10 to 50 n and showing yellow base color and gold 65 caustic soda solution was then added with stirring at a 
reflection color (Tnodin 300 Gold pearl; product of E. rate of 5.3 ml/min until the pH reached 7.2, and stirring 
Merck) were suspended in 500 ml water, and the slurry was further continued at 75° C for 30 minutes A 1 
thus obtained was heated to 75° C. with stirring. After wt-% aqueous solution containing 0.5 g y-glycidoxy- 



Example 9 

Fifty grams of mica flakes coated with rutile titanium 
dioxide (about 28% based on the total weight) having a 
particle size of 10 to 50 u. and showing grayish-white 
base color and white reflection color (Triodin 103 Ster- 50 
ling Silver; product of E. Merck) were treated in the 
same manner as in Example 8. 

The solid product thus obtained was grayish-white, 
pearlescent pigment with good dispersibility showing 
white reflection color. 

Streamlines were observed when this pigment was 
suspended in an organic solvent of low polarity (e.g., 
toluene), indicating its enhanced affinity for organic 
substances. 

Example 10 

Fifty grams of mica flakes coated with titanium diox- 
ide and iron oxide (approximately 36% and 8%, respec- 
tively, based on the total weight) having a particle size 
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propyltrimethoxysilane was then added, and the mix- 
ture was stirred at 75° C. for 30 minutes. 

The solid matters were collected by filtration, 
washed with water and dried at 120' C. 

The solid product thus obtained was grayish-white, 5 
pearlescent pigment with good dispersibility showing 
blue reflection color and yellow transmission color. 

Test Examples 

The pigments prepared, in the above Examples and io 
Comparative Examples were evaluated according to 
the methods described below. The results obtained are 
summarized in Table. 

Testing of Water Resistance (Hot-water Immersion 
Test) 

One part by weight of a pigment sample was mixed 
with nine parts of a thermosetting acrylic/melamine 
resin (a 7:3 mixture of Acrydic 47-712 and Superbecka- 
mine G821-60; product of Dainippon Ink & Chemicals, 2 0 
Inc.). Separately, a black enamel (Superlac F-47; prod- 
uct of Nippon Paint Co., Ltd.) was coated on a steel 
plate previously treated with zinc phosphate (7 cmX 15 
cm) to a thickness of about 25 ftm (on dry basis) and 
baked at 150* C. for 20 minutes. On this enamel-coated 
plate, was coated the pigmented thermosetting resin 
prepared above to a thickness of about 20 jxm (on dry 
basis), followed by wet-on-wet application of a clear 
topcoating (a 7:3 mixture of Acrydic 44-179 and Super- 
beckamine LI 7-60; product of Dainippon Ink & Chemi- 
cals, Inc.) to a thickness of about 30 u.m (on dry basis) 
and baking at 140° C. for 18 minutes. 

The test plate thus prepared was immersed in 80° C. 
hot water for three hours, the hot water was allowed to 
cool slowly to room temperature, the treated plate was 
taken out, and the changes in appearance were evalu- 
ated by visual observation. The figures in the table 
represent the degrees of chalking (water resistance); 
'^"indicates no chalking (the highest water resistance), 
and decreasing figures show increasing degrees of m 
chalking (lowering water resistance^ 

Testing of Light Resistance 

Three parts by weight of a pigment sample was mixed 
with 100 parts of a polyvinyl chloride resin compound 
having the following composition, the mixture was 
kneaded on a twin roll at 175' C. for 10 minutes, and the 
kneaded product was pressed at 175° C. for two minutes 
under a pressure of 45 Kg/cm* into 1.0 mm thick speci- 
mens. 
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and the difference in blackening degree from an un- 
treated specimen was evaluated by using a gray scale. 

This test is to evaluate the degree of activity exhibited 
by titanium dioxide in the presence of water under irra- 
diation of near ultraviolet rays. It utilizes the fact that 
the lead ions contained in a specimen are reduced to 
metallic lead by the action of titanium dioxide in the 
presence of mon-olein, thus blackening the specimen. 

Weatherability (Accelerated Exposure) Test 

A test plate prepared above for the water-resistance 
test was subjected to an accelerated exposure test for 
120 hours (12 minutes of precipitation in every 60 min- 
utes of irradiation; black panel temperature: 63*±3' C.) 
in the same carbon-arc, sunshine weatherometer was 
used above. The color of the treated plate was measured 
by using a differential colorimeter (Model D-25 of 
Hanter Laboratories, and the color difference before 
and after the test (AE) was calculated. 
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TABLE 1 


Sample 




Light 




Water Resistance Resistance 


Weatherability (E) 


Example 








1 


4 


4-5 




2 


4 


4-5 




3 


4 


5 




A 


4 


4-5 




5 


4 


4-5 




6 


4 


4-5 




7 


■ 4 


4-5 




8 


5 


4-5 


1.1 


9 


5 


4-5 


0.2 


10 


5 


5 


0.2 


Comp. Ex. 








1 

2 


3 
4 


1-2 


1.7 


Iriodin 








225 


i 


I 


3.7 


103 


i 


1-2 


0.7 


300 


! 


5 





(polyvinyl chloride resin compound) 



PVC resin with number average M.W. of 1650 
(Zeon 121; Nippon Zeon Co.. Ltd.) 
PVC resin with number average M.Z. of 1 100 
Zeon 131; Nippon Zeon Co., Ltd.) 
Acrylic Processing aid for PVC resin 
(Methabicne P-551; Mitsubishi Rayon Co., Ltd.) 
Tribasic lead sulfate, 3PbO.PbSO*.H 2 0 
Dibasic lead stearate, 2PbO Pb(CnH35COO)2 
Mono-olein, Ci7H 33 COOCH2CH(OH)CH20H 



parts by wt. 



1000 



1000 



40 

60 
20 
20 



A specimen prepared above was subjected to an ac- 
celerated exposure test for three hours (12 minutes of 
precipitation in every 60 minutes of irradiation; black 
panel temperature: 63* ±3° C.) using a carbon-arc, sun- 
shine weatherometer (Model WEL-SUN-HC of Suga 
Tester Co., Ltd.). The treated specimen was then al- 
lowed to stand for 24 hours in a cold and dark place, 



The preceding examples can be repeated with similar 
success by substituting the generically or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

From the foregoing description, one skilled in the art 
can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modiflca- 
30 tions of the invention to adapt it to various usages and 
conditions. 

What is claimed is; 

1. A process for the production of a weather-resistant 
nacreous pigment, comprising hydrolyzing a zirconium 

55 or zirconyl compound, in the presence of a hypophos- 
phite and a metal oxide-coated mica flake pigment, 
whereby a hydrated zirconium oxide is deposited onto 
the surface of the metal oxide-coated mica flake, and 
coating onto said mica flake with said hydrated zirco- 

60 nium oxide a hydrated metal oxide of cobalt, manganese 
or cerium. 

2. A process according to claim 1, comprising simul- 
taneously depositing, in an aqueous medium, on the 
surface of metal oxide coated mica flakes, a mixture of 
hydrated metal oxides formed by hydrolysis of a zirco- 
nyl compound and at least one water-soluble compound 
of cobalt, manganese or cerium, in the presence of a 
hypophosphite. 
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3. A process according to claim 1, comprising depos- 8. A process according to claim 6, wherein the salt of 
ltmg in an aqueous medium, on the surface of metal hypo phosphorous acid is HPH 2 0 2 , NaH 2 P0 2 .H 2 0, 
oxide coated mica flakes, a hydrated metal oxide (NH4)H 2 P0 2 , KH 2 P0 2l Ca(H 2 P0 2 ) 2> Mg(H 2 P0 2 ) 2 ,' 
formed by hydrolysis of a water-soluble compound of at Co(H 2 P0 2 ) 2 .6H 2 0, MN(H 2 P0 2 ) 2 .H 2 0, Zn(H 2 P0 2 ) 2 .6- 
least one of cobalt, manganese and cerium; and subse- 5 H 2 0 or Pb (H 2 P0 2 ) 2 . 

quently depositing a hydrated zirconium oxide by hy- 9. A process according to claim 6, wherein the salt 

drolysis of a zirconium compound in the presence of a capable of forming zirconium oxide is ZrOCl 2 .H 2 0 and 

hypophosphite. the salt of hypophosphorous acid is NaH 2 P0 2 .H 2 0. 

4. A process according to claim 1, wherein the pig. 10. A method of improving the water resistance, 
ment is a mica flake coated with an oxide of Ti, Fe, Sn, 10 Hght-fastness and dispersibility of a nacreous pigment 
Cr, Zr or a mixture thereof. containing metal oxide-coated mica particles, compris- 

5. A process accordmg to claim 4, wherein the pig- ing coating said particles with hydrated zirconium 
ment is a mica flake coated with rutile Ti0 2 or with an oxide and a hydrated oxide of at least one of cobalt, 
iron oxide containing a titanium oxide. manganese or cerium, in the presence of a hypophos- 

6. A process according to claim 1, wherein a salt of 15 phite. 

hypophosphorous acid and a salt capable of forming 11. A process according to claim 1, wherein a silane 
zirconium oxide under hydrolysis conditions are dis- coupling agent in aqueous solution is added under stir- 
solved in an aqueous slurry of a metal oxide-coated ring to a resultant aqueous slurry containing the metal 
mica flake pigment, and the salt capable of forming oxide-containing mica flake pigment once hydrated 
zirconium oxide is hydrolyzed so as to deposit hydrated 20 zirconium oxide is deposited on the surface thereof, 
zirconium oxide onto the surface of the metal oxide- 12. In a process for the preparation of a paint or glaze 
coated mica flake. composition, comprising combining a nacreous pigment 

7. A process accordmg to claim 6, wherein the salt and paint or glaze components, the improvement 
capable of forming zirconium oxide is ZrCI 4 , wherein the nacreous pigment is prepared accordine to 
Zr(N0 3 )4-5H 2 0 Zr(S0 4 ) 2 .4H 2 0, ZrOCL 2 .H 2 0, ZrO(- 25 claim 1. 

N0 3 ) 2 .2H 2 0, ZrOS04.4H 2 0 or ZrO(CH 3 COO) 2 . * * * * * 
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Interferenzpigmente 

Die vorliegende Erfindung betrifft Interferenzpigmente auf der Basis von 
mehrfach beschichteten plattchenformigen Substraten 

5 

Glanz- Oder Effektpigmente werden in vielen Bereichen der Technik 
eingesetzt, insbesondere im Bereich der Autolacke, der dekorativen 
Beschichtung, im Kunststoff, in Farben, Druckfarben sowie in kosmeti- 
schen Formulierungen. 

10 

Glanzpigmente, die einen winkelabhSngigen Farbwechsel zwischen 
mehreren Interferenzfarben zeigen, sind aufgrund ihres Farbenspiels von 
besonderem Interesse fur Autolacke sowie bei falschungssicheren Wert- 
schriften. Derartige Pigmente sind auf Basis von mehrfach beschichteten 
15 plattchenformigen Substraten bekannt. 



Interferenzpigmente bestehen in der Regel aus 200 bis 1000 nm dicken 
plattchenformigen Substraten, die mit 50 bis 300 nm dicken, stark licht- 
brechenden Metalloxiden bzw. Metalloxidgemischen uberzogen sind. Die 
optischen Eigenschaften dieser Pigmente werden in entscheidendem 
MaGe durch den Brechungsindex der Metalloxidschicht bestimmt. Neben 
der Moglichkeit uber Chemical Vapor Deposition (CVD)- oder Physical 
Vapor Deposition* (PVD)-Verfahren Metalloxidschichten herzustellen, die 
hohe Dichten und damit nahe am Optimum liegende Brechungsindizes 
aufweisen, erfolgt die Abscheidung von Metalloxiden auf feinteiligen, 
plattchenformigen Substraten haufig durch Titration von waBrigen, meist 
sauren Metallsalzlosungen gegen Natronlauge in Gegenwart eines 
Substrates, wie z.B. in den DE 14 67 468 und DE 20 09 566 beschrieben. 

Nachteil des Aufdampfverfahrens sind die damit verbundenen hohen 
Kosten. So ist aus der U.S. 4,434,010 ein mehrschichtiges Interferenz- 
pigment bekannt bestehend aus einer zentralen Schicht eines reflektie- 
renden Metalls, wie z.B. Aluminium, und alternierenden Schichten zweier 
transparenterdielektrischer Materialien mit hohem und niedrigem Bre- 
chungsindex, wie z.B., Titandioxid und Siliziumdioxid. Dieses Mehrschicht- 
pigment wird vorzugsweise fur falschungssichere Wertpapiere verwendet. 
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Aus der JP H7-759 ist ein mehrschichtiges Interferenzpigment mit metal- 
lischem Glanz bekannt, wobei ein Substrat mit alternierenden Schichten 
von Titandioxid und Siliziumdioxid beschichtet ist. Als Substrat werden 
Aluminium-, Gold- oder Silberflakes, Oder Plattchen aus Glimmer bzw. 

5 Glas, die mit Metallen beschichtet sind, eingesetzt. Der fur Interferenz- 
pigmente charakteristische und erwunschte Tiefeneffekt kann allerdings 
nicht erzeugt werden. Dafur ist die Totalreflexion des Lichtes an der den 
Kern bildenden Metallschicht verantwortlich. Der Interferenzeffekt bleibt 
deshalb auf die sich auf der Metallschicht befindlichen Schichten begrenzt. 

1 0 Daruber hinaus werden aufgrund der fehlenden Transparenz des 
Substrates die vielfaltigen Kombinationsmoglichkeiten mitweiteren 
Pigmenten in anwendungstechnischen Formulierungen stark 
eingeschrankt. 

15 In den US 3,438,796 und US 5,135,812 werden zum Beispiel metallische 
Glanzpigmente beschrieben, die einen zentralen opaken Aluminiumfilm 
aufweisen, der beidseitig alternierend mit dielektrischen niedrig- 
brechenden Filmen, wie z.B. Siliziumdioxid oder Magnesiumfluorid, und 
teilweise transparenten Metallfilmen, wie z.B. Chrom oder Aluminium, 

20 beschichtet ist. Aufgrund des Herstellungsverfahrens ist der zentrale 
Metallfilm dieser Pigmente nur an der Plattchenober- und -unterseite 
beschichtet, wahrend die Seitenflachen Bruchkanten darstellen und zum 
Medium hin offen liegen. 

25 Aus der DE 44 05 494, DE 44 37 753, DE 195 16 181 und DE 195 15 988 
sind Glanzpigmente bekannt, die durch Beschichtung von Metallplattchen, 
insbesondere Aluminiumflakes, tiber CVD-Verfahren oder naBchemisch 
mit niedrigbrechenden Metalloxidschichten, wie z.B. einer Siliziumdioxid- 
schicht, und nicht selektiv absorbierenden hochbrechenden Metalloxid- 

30 schichten bzw. Metallschichten hergestellt werden. 

Glanzpigmente auf Basis von Metallsubstraten weisen haufig gute Anwen- 
dungseigenschaften, u.a. ein gutes Deckvermogen auf, jedoch resultiert 
bei der Applikation, z.B. im Lack, ein "harter" metallischer Glanz, der 
35 haufig nicht erwiinscht ist. 
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Glanzpigmente auf Basis transparenter pISttchenformiger Substrate, die 
diesen "harten" metallischen Glanz nicht aufweisen, sind Gegenstand der 
WO 93/12182. Glimmerplattchen werden mit einer hochbrechenden 
Metalloxidschicht, wie z.B. Ti0 2 , und einer nicht selektiv absorbierenden 

5 Schicht belegt. Diese Pigmente zeigen in Abhangigkeit von der Ti0 2 - 
Schichtdicke in der Aufsicht eine bestimmte Interferenzfarbe, die mit 
schragerwerdendem Blickwinkel zunehmend schwacher wird und 
schlieRlich nach grau bzw. schwarz abkippt. Die Interferenzfarbe andert 
sich nicht, aber es ist eine Abnahme der Farbsattigung festzustellen 

10 ' 

In der JP 1992/93206 werden Glanzpigmente auf Basis von Glasflakes 
bzw. Glimmerpartikeln beansprucht, die mit einer opaken Metallschicht 
und alternierenden Si0 2 - und Ti0 2 -Schichten belegt sind. 

1 5 Aus der EP 0 753 545 sind Glanzpigmente auf Basis von mehrfach 

beschichteten, hochbrechenden, fur sichtbares Licht zumindest teilweise 
durchlassigen, nichtmetallischen, plattchenformigen Substraten bekannt, 
die mindestens ein Schichtpaket aus einer farblosen niedrigbrechenden 
und einer reflektierenden, selektiv oder nicht selektiv absorbierenden 

20 Beschichtung aufweisen. Nachteile dieser Erfindung sind der technisch 
sehr aufwendige und kostenintensive Herstellungsprozefi sowie die oft 
schwere Reproduzierbarkeit der Pigmente in der gewunschten Produkt- 
qualitat. 

25 Aufgabe der vorliegenden Erfindung ist es, ein im wesentlichen 

transparentes Interferenzpigment mit kraftigen Interferenzfarben und/oder 
einer starken Winkelabhangigkeit der Interferenzfarben zur VerfOgung zu 
stellen, das sich durch seine vorteilhaften Anwendungseigenschaften 
auszeichnet und gleichzeitig auf einfache Art und Weise hergestellt 

30 werden kann. 

Uberraschenderweise wurde nun ein Interferenzpigment auf Basis von 
mehrfach beschichteten plattchenformigen Substraten gefunden, das eine 
bestimmte Anordnung optisch funktioneller Schichten enthalt, wodurch 
35 besondere optische Effekte erzielt werden. 
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Gegenstand der Erfindung sind somit Interferenzpigmente auf der Basis 
von mehrfach beschichteten plattchenformigen Substraten, die mindestens 
eine Schichtenfolge aus 

5 (A) einer Beschichtung mit einem Brechungsindex n > 2,0, 

(B) einer farblosen Beschichtung mit einem Brechungsindex n < 1 ,8, und 

(C) einer nicht absorbierenden hochbrechenden Beschichtung 

10 

sowie gegebenenfalls 

(D) eine auBere Schutzschicht 
15 aufweisen. 

Gegenstand der Erfindung ist weiterhin die Verwendung der erfindungs- 
gemaBen Pigmente in Farben, Lacken, Druckfarben, Kunststoffen, 
keramischen Materialien, Glasern und kosmetischen Formulierungen 

20 

Geeignete Basissubstrate fur die erfindungsgemaBen Mehrschicht- 
pigmente sind einerseits opake und andererseits transparente plattchen- 
formige Substrate. Bevorzugte Substrate sind Schichtsiiikate sowie mit 
Metalloxiden beschichtete plattchenformige Materialien. Insbesondere 
25 geeignet sind naturliche und synthetische Glimmer, Talkum, Kaolin, 

plattchenformige Eisenoxide, Bismutoxidchlorid, Glas-, Si0 2 -. Al 2 0 3 -, Ti0 2 - 
oder synthetische Keramikflakes, synthetische tragerfreie Plattchen, LCPs 
Oder andere vergleichbare Materialien. 

30 Die GroBe der Basissubstrate ist an sich nicht kritisch und kann auf den 
jeweiligen Anwendungszweck abgestimmt werden. In der Regel haben die 
plattchenformigen Substrate eine Dicke zwischen 0,1 und 5 urn, insbe- 
sondere zwischen 0,2 und 4,5 urn. Die Ausdehnung in den beiden 
anderen Bereichen betragt ublicherweise zwischen 1 und 250 urn, 

35 vorzugsweise zwischen 2 und 200 urn und insbesondere zwischen 5 und 
50 urn. 
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Die Dicke der einzelnen Schichten mit hohem und niedrigem Brechungs- 
index auf dem Basissubstrat ist wesentlich fiir die optischen Eigenschaften 
des Pigments. Furein Pigment mit intensiven Interferenzfarben, muR die 
Dicke der einzelnen Schichten genau aufeinander eingestellt werden. 

Wenn n der Brechungsindex einer diinnen Schicht und d ihre Dicke ist, 
wird die Interferenzfarbe dieser Schicht von dem Produkt n • d (n - d = 
optische Dicke) bestimmt. Die bei Normallichteinfall im reflektierten Licht 
entstehenden Farben eines solchen Films ergeben sich aus einer 
1 0 Verstarkung des Lichtes der Wellenlange 

4 

X = n • d 

2N-1 



15 



20 



und durch Schwachung des Lichtes der Wellenlange, 

2 

X- — n-d 
N 

wobei N eine positive ganze Zahl ist. 



Die bei zunehmender Filmdicke resultierende Variation der Farbe ergibt 
sich aus der Verstarkung bzw. Schwachung bestimmter Wellenlangen des 

25 Lichtes durch Interferenz. Wenn mehrere Schichten in einem Mehrschicht- 
pigment die gleiche optische Dicke besitzen, wird die Farbe des reflek- 
tierten Lichts mit zunehmender Zahl der Schichten intensiver. DarOber 
hinaus kann durch geeignete Wahl der Schichtdicken eine besonders 
starke Variation der Farbe in Abhangigkeit vom Betrachtungswinkel 

30 erreicht werden. Es bildet sich ein ausgepragter sogenannter Farbflop aus. 
Die Dicke der einzelnen Metalloxidschichten unabhangig von ihrem 
Brechungsindex betragt in Abhangigkeit vom Anwendungsgebiet in der 
Regel 10 bis 1000 nm, vorzugsweise 15 bis 800 nm und insbesondere 20- 
600 nm. 

35 
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Die erfindungsgemafien Glanzpigmente weisen eine hochbrechende 
Beschichtung (A) in Kombination mit einer farblosen niedrigbrechenden 
Beschichtung (B) und einer darauf befindlichen nicht absorbierenden 
hochbrechenden Beschichtung auf. Die Pigmente konnen mehrere, 
gleiche oder verschiedene Kombinationen an Schichtpaketen enthalten, 
bevorzugt ist aber die Belegung des Substrats mit nur einem Schichtpaket 
(A) + (B) + (C). Zur Intensivierung des Farbflops kann das erfindungs- 
gemaBe Pigment bis zu 4 Schichtpakete enthalten, wobei die Dicke aller 
Schichten auf dem Substrat 3 urn allerdings nicht Qberschreiten sollte. 

Die hochbrechende Schicht (A) hat einen Brechungsindex n > 2,0, 
vorzugsweise n > 2,1 . Als Schichtmaterial (A) eignen sich alle dem 
Fachmann bekannten hochbrechenden Materialien, die filmartig und 
dauerhaft auf die Substratteilchen aufgebracht werden konnen. Besonders 
geeignet sind Metalloxide oder Metalloxidgemische, wie z.B. Ti0 2 , Fe 2 0 3 , 
Zr0 2 , ZnO, Sn0 2 , oder Verbindungen mit hoher Brechzahl, wie z.B. 
Eisentitanate, Eisenoxidhydrate, Titansuboxide, Chromoxid, Bismut- 
vanadat, Cobaltaluminat sowie Mischungen bzw. Mischphasen der 
genannten Verbindungen untereinander oder mit anderen Metalloxiden. 

Die Dicke der Schicht (A) betragt 10-550 nm, vorzugsweise 15-400 nm 
und insbesondere 20 - 350 nm. 

Als farblose niedrigbrechende fUrdie Beschichtung (B) geeignete 
Materialien sind vorzugsweise Metalloxide bzw. die entsprechenden 
Oxidhydrate, wie z.B. Si0 2l Al 2 0 3 , AIO(OH), B 2 0 3 oder ein Gemisch der 
genannten Metalloxide, geeignet. Die Dicke der Schicht (B) betragt 10 - 
1000 nm, vorzugsweise 20 - 800 nm und insbesondere 30 - 600 nm. 

Fur die nicht absorbierende hochbrechende Beschichtung (C) eignen sich 
insbesondere farblose Metalloxide wie Ti0 2 , Zr0 2 , Sn0 2 , ZnO und BiOCI 
sowie deren Gemische. Die Dicke der Schicht (C) betragt 10-550 nm, 
vorzugsweise 15 - 400 nm und insbesondere 20 - 350 nm. 

Neben dem Standardschichtpaket (A) + (B) + (C), das das erfindungs- 
gemaSe Pigment bis zu viermal aufweisen kann, gibt es weitere 
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bevorzugte Ausfuhrungsformen. So kann das erfindungsgemaBe Pigment 
zwischen dem Substrat (S) und der Schicht (A), zwischen der Schicht (A) 
und (B), der Schicht (B) und (C) und/oder der Schicht (C) und der Deck- 
schicht (D) eine weitere absorbierende Oder nicht absorbierende Schicht 
[ (S1), (A1), (B1), (C1)] aufweisen. Die Dicken der Zwischenschichten 
betragen 1 - 50 nm, vorzugsweise 1 -40 nm und insbesondere 1 - 30 nm. 

Eine besonders bevorzugte Ausfuhrungsform ist die Beschichtung des 
Substrats mit folgendem Schichtpaket: 
(S1) optional, Sn0 2 

(A) Ti0 2 oder Fe 2 0 3 

(B) Si0 2 

(B1) optional, Sn0 2 

(C) Ti0 2 

(D) anwendungsbezogene Nachbeschichtung 

Durch die Beschichtung der Substrate mit hochbrechenden Schichten (A) 
und (C) und einer niedrigbrechenden Schicht (B) und gegebenenfalls 
weiteren farbigen oder farblosen Beschichtungen entstehen Pigmente, 
deren Farbe, Glanz, Deckvermogen und Winkelabhangigkeit des Farb- 
eindruckes in weiten Grenzen variiert werden konnen. 

Die erfindungsgemaBen Pigmente lassen sich leicht herstellen durch die 
Erzeugung mehrerer hoch und niedrig brechender Interferenzschichten mit 
genau definierter Dicke und glatter Oberflache auf den feinteiligen, 
plattchenformigen Substraten. 

Die Metalloxidschichten werden vorzugsweise naBchemisch aufgebracht, 
wobei die zur Herstellung von Perlglanzpigmenten entwickelten naB- 
chemischen Beschichtungsverfahren angewendet werden konnen; der- 
artige Verfahren sind z.B. beschrieben in DE 14 67 468, DE 19 59 988, 
DE 20 09 566, DE 22 14 545, DE 22 15 191, DE 22 44 298, DE 23 13 331, 
DE 25 22 572, DE 31 37 808, DE 31 37 809, DE 31 51 343, DE 31 51 354, 
DE 31 51 355, DE 32 11 602, DE 32 35 017 oder auch in weiteren Patent- 
dokumenten und sonstigen Publikationen. 
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Bei der NaBbeschichtung werden die Substratpartikel in Wasser suspen- 
diert und mit einem Oder mehreren hydrolysierbaren Metallsalzen bei 
einem fur die Hydrolyse geeigneten pH-Wert versetzt, der so gewahlt 
wird, daB die Metalloxide bzw. Metalloxidhydrate direkt auf den Plattchen 
ausgefallt werden, ohne daB es zu Nebenfallungen kommt. Der pH-Wert 
wird ublicherweise durch gleichzeitiges Zudosieren einer Base und/oder 
Saure konstant gehalten. AnschlieBend werden die Pigmente abgetrennt, 
gewaschen und getrocknet und gegebenenfalls gegluht, wobei die Gluh- 
temperatur im Hinblick auf die jeweils vorliegende Beschichtung optimiert 
werden kann. In der Regel liegen die Gluhtemperaturen zwischen 250 und 
1000 °C, vorzugsweise zwischen 350 und 900 °C. Falls gewunscht konnen 
die Pigmente nach Aufbringen einzelner Beschichtungen abgetrennt, 
getrocknet und ggf. gegluht werden, urn dann zur Auffallung der weiteren 
Schichten wieder resuspendiert zu werden. 

Weiterhin kann die Beschichtung auch in einem Wirbelbettreaktor durch 
Gasphasenbeschichtung erfolgen, wobei z.B. die in EP 0 045 851 und 
EP 0 106 235 zur Herstellung von Perlglanzpigmenten vorgeschlagenen 
Verfahren entsprechend angewendet werden konnen. 

Als Metalloxid mit einem hohen Brechungsindex wird bevorzugt Titan- 
dioxid und/oder Eisenoxid und als Metalloxid mit niedrigem Brechungs- 
index Siliziumdioxid verwendet. 

Fur das Aufbringen der Titandioxidschichten wird das im US 3,553,001 
beschriebene Verfahren bevorzugt. 

Zu einer auf etwa 50-100 °C erhitzten Suspension des zu beschichtenden 
Materials wird langsam eine waBrige Titansalzlosung zugegeben, und es 
wird durch gleichzeitiges Zudosieren einer Base, wie z.B. waBrige 
Ammoniaklosung oder waBrige Alkalilauge, ein weitgehend konstanter pH- 
Wert von etwa 0,5-5 eingehalten. Sobald die gewtinschte Schichtdicke der 
Ti0 2 -Fallung erreicht ist, wird die Zugabe der Titansalzlosung und der 
Base gestoppt. 
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10 



Dieses, auch als Titrationsverfahren bezeichnete Verfahren zeichnet sich 
dadurch aus, daB ein UberschuB an Titansalz vermieden wird. Das wird 
dadurch erreicht, daB man pro Zeiteinheit nur eine solche Menge der 
Hydrolyse zufuhrt, wie sie fOr eine gleichmadige Beschichtung mit dem 
hydratisierten Ti0 2 erforderlich ist und wie pro Zeiteinheit von der verfug- 
baren Oberflache derzu beschichtenden Teilchen aufgenommen werden 
kann. Es entstehen deshalb keine hydratisierten Titandioxidteilchen, die 
nicht auf der zu beschichtenden Oberflache niedergeschlagen sind. 

Das Aufbringen der Siliziumdioxidschichten kann z. B. wie folgt vorge- 
nommen werden. Zu einer auf etwa 50-100 °C erhitzten Suspension des 
zu beschichtenden Substrats wird eine Kali- oder Natronwasserglas- 
losung, zudosiert. Durch gleichzeitige Zugabe einer verdunnten Mineral- 
saure, wie z. B. HCI, HN0 3 oder H 2 S0 4 , wird der pH-Wert bei ca. 6 - 9 
konstant gehalten. Sobald die gewiinschte Schichtdicke an Si0 2 erreicht 
ist, wird die Zugabe der Wasserglaslosung gestoppt. AnschlieBend wird 
ca. 0,5 h nachgerOhrt. 

Zur Erhohung der Licht- und Wetterstabilitat empfiehlt es sich haufig, in 
20 Abhangigkeit vom Einsatzgebiet das fertige Pigment einer Nachbe- 
schichtung oder Nachbehandlung zu unterziehen. Als Nachbeschich- 
tungen bzw. Nachbehandlungen kommen beispielsweise die in den 
DE-PS 22 15 19T, DE-OS 31 51 354, DE-OS 32 35 017 oder 
DE-OS 33 34 598 beschriebenen Verfahren in Frage. Durch diese 
25 Nachbeschichtung wird die chemische Stabilitat weiter erhoht oder die 
Handhabung des Pigments, insbesondere die Einarbeitung in unter- 
schiediiche Medien, erleichtert. 



15 



Die erfindungsgemaSen Pigmente sind mit einer Vielzahl von Farb- 
systemen kompatibel vorzugsweise aus dem Bereich der Lacke, Farben 
und Druckfarben, insbesondere Sicherheitsdruckfarben. Aufgrund der 
nicht kopierbaren optischen Effekte konnen die erfindungsgemaSen 
Pigmente insbesondere bei der Herstellung von falschungssicheren 
Wertschriften, wie z. B. Geldscheine, Schecks, Scheckkarten, Kredit- 
karten, Ausweisen, etc., verwendet werden. Ferner sind die Pigmente 
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auch fur die Lasermarkierung von Papier und Kunststoffen sowie fiir 
Anwendungen im Agrarbereich, z.B. fur Gewachshausfolien, geeignet. 

Gegenstand der Erfindung ist somit auch die Verwendung der Pigmente in 
5 Formulierungen wie Farbert, Druckfarben, Lacken, Kunststoffen, kera- 
mischen Materialien, Glasern und zur Kosmetikpraparation. 

Es versteht sich von selbst, daS fiir die verschiedenen Anwendungs- 
zwecke die Mehrschichtpigmente auch vorteilhaft in Abmischung mit 

10 anderen Pigmenten, wie z. B. transparenten und deckenden Weill-, Bunt- 
und Schwarzpigmenten sowie mit plattchenformigen Eisenoxiden, 
organischen Pigmenten, holographischen Pigmenten, LCPs (Liquid Crystal 
Polymers), und herkommlichen transparenten, bunten und schwarzen 
Glanzpigmenten auf der Basis von metalloxidbeschichteten Glimmer- und 

1 5 Si0 2 -Plattchen, etc., verwendet werden konnen. Die Mehrschichtpigmente 
konnen in jedem Verhaltnis mit handelsublichen Pigmenten und Fullern 
gemischt werden. 

Die nachfolgenden Beispiele sollen die Erfindung naher erlautern ohne sie 
20 jedoch zu beschranken. 

Beispiele 

Beispiel 1 

25 

100 g Glimmer (PSD 10-60 urn) werden in 2 I vollentsalztem Wasser auf 
80 °C erhitzt. Bei dieser Temperatur werden unter kraftigem Ruhren 430 g 
Eisen-lll-chlorid-L6sung (14,25 % Fe) zudosiert. Dabei wird mit Natron- 
lauge (32 % NaOH) der pH-Wert konstant bei 4,0 gehalten. Anschlieftend 

30 wird der pH-Wert mit Salzsaure (1 5 % HCI) auf 1 ,8 abgesenkt und bei 
diesem pH-Wert 30 ml TiCI 4 -Ldsung (400 g TiCM) zugegeben. Der pH- 
Wert wird dabei mit Natronlauge (32 % NaOH) konstant gehalten. 
AnschlieBend wird der pH-Wert mit Natronlauge (32 % NaOH) auf 7,5 
angehoben und bei diesem pH eine Losung von 252 g Natronwasserglas 

35 (27 % Si0 2 ) in 252 g vollentsalztem Wasser zugegeben. Der pH-Wert wird 
dabei mit Salzsaure (15 % HCI) konstant gehalten. 
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Danach wird der pH-Wert mit Salzsaure (15 % HCI) auf 2,0 abgesenkt und 
bei diesem pH-Wert eine Ldsung von 3 g SnCI 4 x 5 H 2 0 und 10 ml Salz- 
saure (37 % HCI) in 90 ml vollentsalztem Wasser zudosiert. Der pH-Wert 
wird dabei mit Natronlauge (32 % NaOH) konstant gehalten. Anschliefiend 
wird der pH-Wert mit Salzsaure (15 % HCI) auf 1 ,8 abgesenkt und bei 
diesem pH-Wert 655 ml TiCI 4 -L6sung (400 g/l) zudosiert. Dabei wird der 
pH-Wert mit Natronlauge (32 % NaOH) konstant gehalten. Nach Zugabe 
der TiCI 4 -L6sung wird 15 Min. nachgeruhrt und das Produkt abfiltriert, mit 
vollentsalztem Wasser gewaschen, bei ca. 1 10 °C getrocknet und 45 Min. 
bei 850 °C geglOht. Das erhaltene Interferenzpigment zeichnet sich durch 
eine intensive rotviolette Interferenzfarbe aus. 

Beispiel 2 

100 g Glimmer (PSD 10-60 urn) werden in 2 I vollentsalztem Wasser auf 
80 °C erhitzt. Bei dieser Temperatur werden unter kraftigem RQhren 430 g 
Eisen-lll-chlorid-Losung (14,25 % Fe) zudosiert. Dabei wird mit Natron- 
lauge (32 % NaOH) der pH-Wert konstant bei 4,0 gehalten. AnschlieBend 
wird der pH-Wert mit Natronlauge (32 % NaOH) auf 7,5 angehoben und 
bei diesem pH eine Losung von 252 g Natronwasserglas (27 % Si0 2 ) in 
252 g vollentsalztem Wasser zugegeben. Der pH-Wert wird dabei mit 
Salzsaure (15 % HCI) konstant gehalten. 

Danach wird der pH-Wert mit Salzsaure (15 % HCI) auf 2,0 abgesenkt und 
eine Losung von 3 g SnCI 4 x 5 H 2 0 und 10 ml Salzsaure (37 % HCI) in 
90 ml vollentsalztem Wasser zudosiert. Der pH-Wert wird dabei mit 
Natronlauge (32 % NaOH) konstant gehalten. AnschlieBend wird der pH- 
Wert mit Salzsaure (15 % HCI) auf 1,8 abgesenkt und 476 ml TiCI 4 -L6sung 
(400 g/l) zudosiert. Dabei wird der pH-Wert mit Natronlauge (32 % NaOH) 
konstant gehalten. Nach Zugabe der TiCI 4 -Losung wird 15 Min. nachge- 
ruhrt und das Produkt abfiltriert, mit vollentsalztem Wasser gewaschen, bei 
1 10 °C getrocknet und 30 Min. bei 850 °C gegluht. Das erhaltene 
Interferenzpigment zeichnet sich durch eine intensive rote Interferenzfarbe 
aus. 
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Beispiel 3 

100 g Muskovit-Glimmer (TeilchengroBe 10-60 urn) werden in 2 I voll- 
entsalztem Wasser auf 80 °C erwarmt. Unter kraftigem Ruhren wird dann 
eine Losung von 3 g SnCI 4 x 5 H 2 0 und 10 ml Salzsaure (37 % HCI) in 
90 ml vollentsalztem Wasser bei pH 2,0 zugegeben. Der pH-Wert wird 
dabei mit Natronlauge (32 % NaOH) konstant gehalten. AnschlieBend 
werden bei pH 1,8 155 ml TiCI 4 -L6sung (400 g/TiC^I) zugegeben. Der pH- 
Wert wird dabei mit Natronlauge (32 % NaOH) konstant gehalten. Darauf- 
hin wird der pH-Wert mit Natronlauge auf 2,6 erhoht und bei diesem pH- 
Wert 100 ml einer Losung von 25 ml TiCI 4 -L6sung (400 g TiCU/l), 48 g 
FeCI 3 -Ldsung (14,25 % Fe) und 4,8 g AICI 3 x 6 H 2 0 in vollentsalztem 
Wasser zugegeben. Dabei wird der pH-Wert mit Natronlauge (32 % 
NaOH) konstant gehalten. 

AnschlieBend wird der pH-Wert mit Natronlauge (32 % NaOH) auf 7,5 
erhc-ht und bei diesem pH-Wert eine Losung von 271 g Natronwasserglas 
(27 % Si0 2 ) in 271 g vollentsalztem Wasser zudosiert. Der pH-Wert wird 
mit Salzsaure (10 % HCI) konstant gehalten. AnschlieBend wird der pH- 
Wert mit Salzsaure (10 % HCI) auf 2,0 abgesenkt und eine Losung von 3 g 
SnCI 4 x 5 H 2 0 und 10 ml Salzsaure (37 % NaOH) in 90 ml VE-Wasser 
zudosiert. Der pH-Wert wird dabei mit Natronlauge (32 % NaOH) konstant 
gehalten. AnschlieBend werden bei pH = 1,8 45 ml TiCI 4 -L6sung (400 g 
TiCI 4 /l) zugegeben, wobei der pH-Wert wiederum mit Natronlauge (32 % 
NaOH) konstant gehalten wird. Danach wird der pH-Wert mit Natronlauge 
(32 % NaOH) auf 2,6 erhaht und bei diesem pH-Wert 230 ml einer Losung 
von 129 ml TiCI 4 -L6sung (400 g TiCI 4 /l), 206 g FeCI 3 -L6sung (14,25 % Fe) 
und 10,2 g AICI 3 x 6 H 2 0 in 157 ml VE-Wasser zudosiert. Der pH-Wert 
wird dabei mit Natronlauge (32 % NaOH) konstant gehalten. Zuletzt wird 
das Pigment abgesaugt, mit vollentsalztem Wasser gewaschen, bei 
110 °C getrocknet und 30 Min. bei 850 °C gegluht. Man erhaltein intensiv 
rotviolett gefarbtes Interferenzpigment, das beim Abkippen Ober orange in 
ein kraftiges gelbgrun ubergeht. 
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Beispiel 4 

Das getrocknete Pigment aus Beispiel 2 wird 30 Minuten bei 850 °C in 
Formiergasatmosphare (N 2 /H 2 ; 85/15) geglflht. Das auf diesem Wege 
5 hergestellte Pigment zeigt einen intensiven Bronzeeffekt und starken 
Glanz. 

Beispiel 5 

10 100 g Muskovit-Glimmer (Teilchengrofie 10-60 urn) werden in 2 I 

vollentsalztem Wasser auf 80 °C erwarmt. Unter kraftigem Ruhren wird 
dann eine Losung von 3 g SnCI 4 x 5 H z O und 10 ml Salzsaure (37 % HCI) 
in 90 ml vollentsalztem Wasser bei pH 2,0 mit einer Dosierrate von 
4 ml/min. zugegeben. der pH-Wert wird dabei mit Natronlauge (32 % 

1 5 NaOH) konstant gehalten. AnschlieBend werden bei pH 1 ,8 1 55 ml TiCI 4 - 
Losung (400 g TiCI 4 /l) mit einer Dosierrate von 2 ml/min. zugegeben. Der 
pH-Wert wird dabei mit Natronlauge (32 % NaOH) konstant gehalten. 
Daraufhin wird der pH-Wert mit Natronlauge auf 2,6 erhoht und bei diesem 
pH 100 ml einer Losung von 25 ml TiCI 4 -L6sung (400 g TiCI 4 /l), 48 g FeCI 3 - 

20 Lesung (14,25 % Fe) und 4,8 g AICI 3 x 6 H 2 0 in vollentsalztem Wasser 
zugegeben. Dabei wird der pH mit Natronlauge (32 % NaOH) konstant 
gehalten. 

AnschlieRend wird der pH mit Natronlauge (32 % NaOH) auf 7,5 erhoht 
25 und bei diesem pH-Wert eine Losung von 297 g Natronwasserglas (27 % 
SiO z ) in 297 g vollentsalztem Wasser mit einer Geschwindigkeit von 
2 ml/min. zudosiert. Der pH-Wert wird mit Salzsaure (10 % HCI) konstant 
gehalten. AnschlieBend wird der pH-Wert mit Salzsaure (10 % HCI) auf 2,0 
abgesenkt und eine Losung von 3 g SnCI 4 x 5 H 2 0 und 10 ml Salzsaure 
30 (37 % HCI) in 90 ml vollentsalztem Wasser mit einer Geschwindigkeit von 
4 ml/min. zudosiert. Der pH-Wert wird dabei mit Natronlauge (32 % NaOH) 
konstant gehalten. AnschlieBend werden bei pH 1,8 250,5 ml TiCI 4 -L6sung 
(400 g TiC! 4 /l) mit einer Geschwindigkeit von 2 ml/min. zugegeben, wobei 
der pH-Wert wiederum mit Natronlauge (32 % NaOH) konstant gehalten 
35 wird. 
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AnschlieGend wird das Pigment abgesaugt, mit VE-Wasser gewaschen, 
bei 110 °C getrocknet. Das erhaltene Pigment besitzt nach dieser Stufe 
rotviolette Farbe, die beim Abkippen in Gelbgrun ubergeht. 

5 AbschlieGend wird bei 850 °C 30 Minuten gegluht. Man erhalt ein geibrot 
glanzendes Interferenzpigment, dessen Farbe beim Abkippen in gelbgrun 
ubergeht. 

Beispiel 6 

10 

Die Fallung der Metalloxidschichten wird analog Beispiel 5 durchgefuhrt. 
Zusatzlich werden bei pH-Wert 2,6 130 ml einer Mischung von 129 ml 
TiCI 4 -L6sung (400 g TiCI 4 /l), 147 ml FeCI 3 -L6sung (14,08 % Fe), 10,2 g 
AICI 3 x 6 H 2 0 und 157 ml vollentsalztem Wasser mit einer Dosierrate von 
15 1 ml/min. zugesetzt. Der pH-Wert wird dabei mit Natronlauge (32 % 
NaOH) konstant gehalten. 

Die Aufarbeitung erfolgt wie bei den Beispielen 1 - 5. 

20 Das getrocknete Pigment zeigt intensive rotviolette Farbe mit hohem 

Glanz, die beim Abkippen in orange ubergeht. Nach Gluhung glanzt das 
Pigment geibrot, wobei die Farbe beim Abkippen in ein kraftig glanzendes 
Gelb ubergeht. 

25 Beispiel 7 

Das getrocknete Produkt aus Beispiel 4 wird 30 Minuten bei 850 °C in 
Formiergasatmosphare (N 2 /H 2 =85/15) gegluht. Das auf diesem Wege 
hergestellte Pigment zeigt einen roten Bronzeeffekt und starken Glanz 
30 sowie erhohtes Deckvermogen. Die Farbe geht beim Abkippen in ein 
kraftiges Gelbgrun uber. 



35 
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Beispiel R 

Das getrocknete Produkt aus Beispiel 5 wird 30 Minuten bei 850 °C in 
Formiergasatmosphare (N 2 /H 2 =85/1 5) gegluht. Das auf diesem Wege 
hergestellte Pigment zeigt einen tiefroten Bronzeeffekt und starken Glanz 
sowie erhohtes Deckvermogen. Die Farbe geht beim Abkippen in ein 
kraftiges Goldgelb Gber. 
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Patentanspruche 

1 . Interferenzpigmente auf der Basis von mehrfach beschichteten 
plattchenformigen Substraten, die mindestens eine Schichtenfolge 
5 aus 

(A) einer Beschichtung mit einem Brechungsindex n > 2,0, 

(B) einer farblosen Beschichtung mit einem Brechungsindex 
10 n< 1,8, und 



(C) einer nicht absorbierenden hochbrechenden Beschichtung, 
sowie gegebenenfalls 

(D) eine auBere Schutzschicht 
aufweisen. 



15 



20 2. Interferenzpigmente nach Anspruch 1 , dadurch gekennzeichnet, daB 
sich zwischen dem Substrat (S) und der Schicht (A), der Schicht (A) 
und (B), der Schicht (B) und (C) und/oder der Schicht (C) und (D) 
eine weitere farbige oder farblose Metalloxidschicht (S1), (A1), (B1) 
und/oder (C1) befindet. 

25 

3. Interferenzpigmente nach Anspruch 1 oder 2, dadurch gekenn- 
zeichnet, daB es sich bei den plattchenformigen Substraten urn 
natiirlichen oder synthetischen Glimmer, Glas-, Al 2 0 3 -, Si0 2 - oder 
TiGyFlakes sowie mit Metalloxiden beschichtete, plattchenformige 

30 Materialien handelt. 

4. Interferenzpigmente nach einem der Anspriiche 1 bis 3, dadurch 
gekennzeichnet, daB die Schichten (A), (B) und (C) im wesentlichen 
aus Metalloxiden bestehen. 

35 
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5. Interferenzpigmente nach einem der Anspruche 1 bis 4, dadurch 
gekennzeichnet, daB die Schicht (A) im wesentlichen aus Titandioxid, 
Eisenoxid. Bismutoxidchlorid, Zirkonoxid, Zinnoxid, Zinkoxid, 
Titansuboxiden, Eisentitanaten, Eisenoxidhydraten, Chromoxid, 

5 Bismutvanadat, Cobaltaluminat Oder deren Gemischen besteht. 

6. Interferenzpigmente nach einem der Anspruche 1 bis 5, dadurch 
gekennzeichnet, daB die Schicht (B) im wesentlichen aus Silizium- 
dioxid, Aluminiumoxid, Magnesiumfluorid oder deren Gemischen 

10 besteht. 



7. Interferenzpigmente nach einem der Anspruche 1 bis 6, dadurch 
gekennzeichnet, daB die Schicht (C) im wesentlichen aus Titandioxid, 
Bismutoxidchlorid, Zirkonoxid, Zinnoxid, Zinkoxid oder deren 
15 Gemischen besteht. 



8. Interferenzpigmente nach einem der Anspruche 1 bis 7, dadurch 
gekennzeichnet, daB sie bis zu viermal die Schichtenfolge (A) - (C) 
aufweisen. 

20 

9. Interferenzpigmente nach Anspruch 8, dadurch gekennzeichnet, daB 
sie nur eine Schichtenfolge (A) - (C) enthalten. 

1 0. Verfahren zur Herstellung der Interferenzpigmente nach einem der 
25 Anspruche 1 bis 8, dadurch gekennzeichnet, daB die Metalloxide 

naBchemisch durch hydrolytische Zersetzung von Metallsalzen in 
waBrigen Medium auf das plattchenf6rmige Substrat aufgebracht 
werden. 



1 1 . Verwendung der Interferenzpigmente nach Anspruch 1 in Farben, 
Lacken, Druckfarben, Kunststoffen, keramischen Materialien, GlSsern 
und in kosmetischen Formulierungen. 



35 
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(57) ABSTRACT 

The present invention relates to interference pigments on the 
basis of multiply coated, platelet -shaped substrates which 
comprise at least one layer sequence comprising 

(A) a coating having a refractive index n^2.0, 

(B) a colorless coating having a refractive index n^l.8, 
and 

(C) a nonabsorbing coating of high refractive index, 
and, if desired, 

(D) an external protective layer. 

13 Claims, No Drawings 
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INTERFERENCE PIGMENTS or metal layers of high refractive index, using CVD or 

wet-chemical techniques. 

The present invention relates to interference pigments Lustre pigments based on metal substrates frequently 

based on multiply coated platelet-shaped substrates. have good performance properties, including good opacity, 

Lustre pigments or special-effect pigments are employed 5 but the result on application, such as in the paint, for 

in numerous fields in industry, especially in the sector of example, is a "hard" metallic lustre, which is frequently 

automotive finishes, in decorative coating, in plastics, in unwanted. 

paints, in printing inks and in cosmetic formulations. Lustre pigments based on transparent platelet-shaped 

Lustre pigments which exhibit an angle-dependent substrates which do not have this "hard" metallic lustre are 

colour change between two or more interference colours 10 me SUD ject of WO 93/12182. Mica flakes are covered with 

have a play of colour which makes them of particular a metal oxide la y er of m g h refractive index, such as Ti0 2 , 

interest for automotive finishes and in connection with and a non -selectively absorbing layer. Depending on 

counterfeit-protected documents of value. Pigments of this tne tnicknes s of the Ti0 2 layer, when viewed straight on 

kind on the basis of multiply coated platelet-shaped sub- tnese pigments exhibit a particular interference colour which 

strates are known. 15 becomes increasingly weaker as the viewing angle becomes 

Interference pigments consist generally of platelet- morc °blique and which finally flips to grey or black. The 

shaped substrates with a thickness of from 200 to 1000 nm interference colour does not change, but a decrease is found 

which are coated with highly refractive metal oxides or m tne ^lour saturation. 

metal oxide mixtures with a thickness of from 50 to 300 nm. JP 1992/93206 claims lustre pigments on the basis of 

The optical properties of these pigments are critically deter- 20 S lass flakes or mica particles which are covered with an 

mined by the refractive index of the metal oxide layer. In opaque metal layer and with alternating layers of Si0 2 and 

addition to the possibility of using chemical vapour depo- Ti0 2 . 

sition (CVD) or physical vapour deposition (PVD) tech- EP 0 753 545 discloses lustre pigments based on multiply 

niques to prepare metal oxide layers having high densities coated, nonmetallic, platelet-shaped substrates which are of 

and so refractive indices that lie close to the optimum, the 25 n ! g . h refractive index, are at least partially transparent to 

deposition of metal oxides on finely divided, platelet-shaped visible light and have at least one layer assembly comprising 

substrates is frequently accomplished by titrating aqueous, a co } ourle ss coating of low refractive index and a reflective 

usually acidic metal salt solutions against sodium hydroxide' coating which absorbs selectively or nonselectively. Disad- 

solution in the presence of a substrate, as described, for vantages of this invention arc the technically very complex 

example, in DE 14 67 468 and DE 20 09 566. 30 and costlv Preparation process and the frequent difficulty in 

A disadvantage of the vapour deposition technique is the reproducing the pigments in the desired product quality, 

high costs it entails. For instance, U.S. Pat. No. 4,434,010 "^f °bject of the present invention is to provide an 

discloses a multilayer interference pigment consisting of a essentially transparent interference pigment having strong 

central layer of a reflective metal, such as aluminium, and interference colours and/or a strong angular dependence of 

alternating layers of two transparent dielectric materials of 35 tne interference colours which is notable for its advanta- 

high and low refractive index respectively, such as titanium S eous performance properties and which at the same time 

dioxide and silicon dioxide, for example. This multilayer can be P re P ar cd in a simple manner, 

pigment is used preferably for counterfeit-protected securi- Surprisingly, an interference pigment has now been 

ties. found which is based on multiply coated, platelet-shaped 

JP H7-759 discloses a multilayer interference pigment 40 sub strates and comprises a particular arrangement of opti- 

with metallic lustre, for which a substrate is coated with callv factional layers by means of which particular optical 

alternate layers of titanium dioxide and silicon dioxide. The effccts are achieved. 

substrate comprises flakes of aluminium, gold or silver, or of ^ inve ntion therefore provides interference pigments 

mica or glass, with a coating of metals. The depth effect on the basis of multiply coated, platelet-shaped substrates 

which is characteristic of and desired for interference 45 whicn comprise at least one layer sequence comprising 

pigments, however, cannot be generated. This is because of ( A ) a coating having a refractive index n^2.0, 

the total reflection of the light at the metal layer which forms (^) a colourless coating having a refractive index n^l.8, 

the core. Consequently, the interference effect remains lim- and 

ited to the layers which are located on the metal layer. (C) a nonabsorbing coating of high refractive index, 

Furthermore, the lack of transparency of the substrate 50 and, if desired, 

greatly restricts the diverse possibilities for combination (D) an external protective layer. 

with further pigments in applications-related formulations. The invention also provides for the use of the pigments of 

U.S. Pat. No. 3,438,796 and U.S. Pat. No. 5,135,812 the invention in paints, lacquers, printing inks, plastics, 

describe, for example, metal lustre pigments having a central ceramic materials, glasses and cosmetic formulations, 

opaque aluminium film coated on both sides in alternation 55 Suitable base substrates for the multilayer pigments of the 

with dielectric films of low refractive index, such as silicon invention are firstly opaque and secondly transparent 

dioxide or magnesium fluoride, and with partially transpar- platelet-shaped substances. Preferred substrates are phyllo- 

ent metal films, such as films of chromium or aluminium, for silicates and metal oxide -coated, platelet-shaped materials, 

example. Owing to the preparation process, the central metal Of particular suitability are natural and synthetic micas, talc, 

film of these pigments is coated only on the top and bottom 60 kaolin, platelet-shaped iron oxides, bismuth oxychloride' 

sides of the platelets, while the side areas constitute broken flakes of glass, Si0 2 , A1 2 0 3 or Ti0 2 , synthetic ceramic 

edges and lie open towards the medium. flakes, carrier-free synthetic platelets, LCPs or other com- 

DE 44 05 494, DE 44 37 753, DE 195 16 181 and DE 195 parable materials. 

15 988 disclose lustre pigments prepared by coating metal The size of the base substrates per se is not critical and can 

platelets, especially aluminium flakes, with metal oxide 65 be matched to the particular target application. In general, 

layers of low refractive index, such as with a silicon dioxide the platelet-shaped substrates have a thickness of between' 

layer, and with non-selectively absorbing metal oxide layers 01 and 5 /mi, in particular between 0.2 and 4.5 /an. The 
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extent in the two other dimensions is usually between 1 and 
250 fim, preferably between 2 and 200 //m and, in particular, 
between 5 and 50 fm\ . 

The thickness of the individual layers of high and low 
refractive index on the base substrate is essential for the 
optical properties of the pigment. For a pigment with inten- 
sive interference colours, the thickness of the individual 
layers must be adjusted precisely with respect to one 
another. 

If n is the refractive index of a thin layer and d its 
thickness, the interference colour of this layer is defined by 
the product n d(n d=optical thickness). The colours which 
result from such a film under perpendicular light incidence 
in reflected light result from an intensification of the light of 
wavelength 



10 



2N-1 



nd 



and by an attenuation of the light of wavelength 



X = --n. d 



where N is a positive integer. 25 

The variation in colour which results with increasing film 
thickness is a consequence of the intensification or attenu- 
ation of certain light wavelengths through interference. If 
two or more layers in a multilayer pigment possess the same 
optical thickness, the colour of the reflected light becomes 30 
more intense as the number of layers increases. In addition 
to this, it is possible through an appropriate choice of layer 
thicknesses to achieve a particularly strong variation of the 
colour as a function of the viewing angle. A pronounced, 
so-called colour flop is developed. The thickness of the 
individual metal oxide layers, irrespective of their refractive 
index, depends on the field of use and is generally from 10 
to 1000 nm, preferably from 15 to 800 nm and, in particular, 
20-600 nm. 



B 2 0 3 or a mixture of these metal oxides. The thickness of 
the layer (B) is 10-1 000 nm, preferably 20-800 nm and, in 
particular, 30-600 nm. 

Materials particularly suitable for the non-absorbing coat- 
ing (Q °f high refractive index are colourless metal oxides 
such as Ti0 2 , Zr0 2 , Sn0 2 , ZnO and BiOCl, and also 
mixtures thereof. The thickness of the layer (C) is 10-550 
nm, preferably 15-400 nm and, in particular, 20-350 nm. 

In addition to the standard layer assembly (A)+(B)+(C), 
which may be present up to four times in the pigment of the 
invention, there are other preferred embodiments. For 
instance, between the substrate (S) and the layer (A), 
between the layer (A) and (B), between layer (B) and (C) 
and/or between layer (C) and the top layer (D) the pigment 
of the invention may have a further absorbing or nonab- 
35 sorbing layer [(SI), (Al), (Bl), (CI)]. The thickness of the 
interlayers is 1-50 nm, preferably 1-40 nm and, in 
particular, 1-30 nm. 

A particularly preferred embodiment is the coating of the 
substrate with the following layer assembly: 
20 (SI) optional, Sn0 2 

(A) Ti0 2 or Fe 2 0 3 

(B) Si0 2 

(Bl) optional, Sn0 2 

(C) Ti0 2 

25 (D) final coating related to application 

Coating the substrates with layers (A) and (C) of high 
refractive index, a layer (B) of low refractive index and, if 
desired, further coloured or colourless coatings produces 
pigments whose colour, gloss, opacity and angular depen- 
dence of perceived colour can be varied within wide limits. 

The pigments of the invention are easy to produce by 
virtue of the generation of two or more interference layers of 
high and low refractive index, precisely defined thickness 
and smooth surface on the finely divided, platelet-shaped 
substrates. 

The metal oxide layers are preferably applied by wet- 
chemical means, it being possible to use the wet-chemical 
coating techniques developed for the production of pearl 
lustre pigments; techniques of this kind are described, for 
example, in DE 14 67 468, DE 19 59 988, DE 20 09 566, DH 
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The lustre pigments of the invention feature a coating (A) 40 22 14 545, DE 22 15 191, DE 22 44 298, DE 23 13 331, DE 
K ; 1 ^ - - t . „ 25 22 572, DE 31 37 808, DE 31 37 809, DE 31 51 343^ DE 

31 51 354, DE 31 51 355, DE 32 11 602, DE 32 35 017 or 
else in further patent documents and other publications. 
In the case of wet coating, the substrate particles are 
45 suspended in water, and one or more hydrolysable metal 
salts are added at a pH which is appropriate for hydrolysis 
and is chosen such that the metal oxides or metal oxide 
hydrates are precipitated directly onto the platelets without 
any instances of secondary precipitation. The pH is kept 
50 constant usually by simultaneous metered addition of a base 
and/or acid. Subsequently, the pigments are separated off, 
washed and dried and, if desired, are calcined, it being 
possible to optimize the calcination temperature in respect of 
the particular coating present. In general, the calcination 
55 temperatures are between 250 and 1000° C, preferably 
between 350 and 900° C. If desired, following the applica- 
tion of individual coatings the pigments can be separated off, 
dried and, if desired, calcined before being resuspended for 
the application of further layers by precipitation. 

Coating can also take place in a fluidized-bed reactor by 
means of gas-phase coating, in which case it is possible, for 
example, to make appropriate use of the techniques pro- 
posed in EP 0 045 851 and EP 0 1 06 235 for preparing pearl 
lustre pigments. 

Ilic metal oxide of high refractive index used is prefer- 
ably titanium dioxide and/or iron oxide, and the metal oxide 
of low refractive index preferably used is silicon dioxide. 



of high refractive index in combination with a colourless 
coating (B) of low refractive index and located thereon a 
nonabsorbing coating of high refractive index. The pigments 
can comprise two or more, identical or different combina- 
tions of layer assemblies, although preference is given to 
covering the substrate with only one layer assembly (A)+ 
(B)+(C). In order to make the colour flop more intense the 
pigment of the invention may comprise up to 4 layer 
assemblies, although the thickness of all of the layers on the 
substrate should not exceed 3 tan. 

The layer (A) of high refractive index has a refractive 
index n^2.0, preferably n^2.1. Materials suitable as the 
layer material (A) are all materials known to the skilled 
worker which are of high refractive index, are filmlike and 
can be applied permanently to the substrate particles. Par- 
ticularly suitable materials are metal oxides or metal oxide 
mixtures, such as Ti0 2 , Fe 2 0 3 , Zr0 2 , ZnO or Sn0 2 , or 
compounds of high refractive index such as, for example, 
iron litanales, iron oxide hydrates, titanium suboxides, chro- 
mium oxide, bismuth vanadate, cobalt aluminate, and also 
mixtures or mixed phases of these compounds with one 
another or with other metal oxides. 

The thickness of the layer (A) is 10-550 nm, preferably 
15-400 nm and, in particular, 20-350 nm. 

Colourless materials of low refractive index suitable for 
the coating (B) are preferably metal oxides or the corre- 
sponding oxide hydrates, such as Si0 2 , A1 2 0 3 , AIO(OH), 
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For the application of the titanium dioxide layers, pref- chloride solution (14.25% Fe) are metered in with vigorous 

3 r w e Ml 8lVen t0 teChniqUC described in U S * Pat - No - stirring. In the course of this addition, the pH is held constant 

a" * t% . , , . , , , at 4.0 using aqueous sodium hydroxide solution (32% 

An aqueous titanium salt solution is added slowly to a NaOH^ Siihsemientlv th, „u ;t i™ a < To 

s U s P ension,heatedtoabout50-100 o C.,ofthematerialtobe 5 hydTcLriS^^ i f^r, 8 

coated, and a substantially constant pH of about 0.5-5 is 222 /Em T n m ^ ^ o ? u 4 

maintained by simultaneous metered addition of a base, for Z f T. f ^ ™ ^ ^ J? H dUrin8 thlS 

example aqueous ammonia solution or aqueous alkali metal ,T ^t^Tt"™* . at * ueous sodlum hydroxide 

hydroxide solution. As soon as the desired layer thickness of so ! utlon ( 32% NaOH). The pH is subsequently raised to 7.5 

the Ti0 2 precipitate has been reached, the addition of both US1 "? ao * ueous ^mm hydroxide solution (32% NaOH) and 

titanium salt solution and base is terminated. 10 at thls pH a of 252 g of sodium silicate (27% Si0 2 ) 

This technique, also referred to as the titration process, is 111 252 ? of deionized water is added. During this addition, 

notable for the fact that it avoids an excess of titanium salt. lhe P H ^ ke P l c °nstant using hydrochloric acid (15% HC1). 

This is achieved by supplying to the hydrolysis only that Subsequently, the pH is lowered to 2.0 using hydrochloric 

quantity per unit time which is necessary for uniform acid (15% HC1) and at this pH a solution of 3 g of 

coating with the hydrated Ti0 2 and which can be received 15 SnCl 4 x5H 2 0 and 10 ml of hydrochloric acid (37% HC1) in 

per unit time by the available surface area of the particles to 90 ml of deionized water is metered in. During this addition 

be coated. There is therefore no production of hydrated the pH is kept constant using aqueous sodium hydroxide 

manium dioxide particles not precipitated on the surface to solution (32% NaOH). The pH is subsequently lowered to 

The !mnl,w;™ „f ih~ «t a -a i u 18 hydrochloric acid (15% HC1) and at this pH 655 

n Jtj?l i f r d A 10Xlde ayefS Ca " be 20 raI of Tid 4 solution (400 gfl) are metered in During this 

performed, for example, as follows. A potassium or sodium addition the «h i* l™t ZLLt * uunng mis 

silicate solution is metered into a suspension, heated to about hSoxL^ T g - a ^ eou ^ sodmn l 

50-100° C, of the substrate that is to be coated. The pH is ?7 ™ 6 i 1 % Na ° H) * FollowiD g the addltlon of 

held constant at about 6-9 by simultaneous addition of a ^ TlC1 f Ml ?tion ^ e ™*f ure * stirred for 15 minutes and 

dilute mineral acid, such as HC1, HN0 3 or H,SO d . As soon « pr ° duCt 15 filtered off ' washed ^ deionized water, 

as the desired layer thickness of Si0 2 has been reached, the dncd at about 110 ° C and calcined at 850° C. for 45 

addition of the silicate solution is terminated. The batch is minutes. The interference pigment obtained has an intense 

subsequently stirred for about 0.5 h. reddish violet interference colour. 

In order to enhance the light stability and weather stability 

it is frequently advisable to subject the finished pigment to Example 2 

an afterdating or ^after-treatment process depending on the 30 100 g of mica (PSD 1O-60 m ) in 2 1 of deionized water 

exlmp e ?n DE C '22 itl^^^^^^l^^ ™ M ( ° 8 °° C At this ^* nturc ' 430 « ° f ^ 

mTar DE A Tl ^ SOS lll'u ft V ff t 'u 2 ^ chlodde Solution ( 14 25% Fe ) are metered * vigorous 

mVlmlctl^ s f rrin^ 

pigment, especially its incorporation into different media. 35 at ™ ™ng aqueous sodium hydroxide solution (32% 

The pigments of the invention are compatible with a large ° H) ™ e pH ] S subset l uentl y raised to 7.5 using aqueous 

number of colour systems, preferably from the sector of S ° dlum h y droxide solution (32% NaOH) and at this pH a 

lacquers, paints and printing inks, especially security print- solutl0n of 2 52 g of sodium silicate (27% Si0 2 ) in 252 g of 

ing inks. Owing to the uncopyable optical effects, the deionized water is added. During this addition, the pH is 

pigments of the invention can be used in particular for 40 kept constant usin g hydrochloric acid (15% HC1). 

producing counterfeit-protected documents of value, such as Subsequently, the pH is lowered to 2.0 using hydrochloric 

bank notes, cheques, cheque cards, credit cards, identity acid (15% HC1), and a solution of 3 g of SnCl 4 x5H 2 0 and 

cards, etc. In addition, the pigments are also suitable for the 10 ml of hydrochloric acid (37% HC1) in 90 ml of deionized 

laser marking of paper and plastics and for applications in water is metered in. During this addition the pH is kept 

the agricultural sector, such as for glasshouse films, for 45 constant using aqueous sodium hydroxide solution (32% 

eX3 !W ,k r 1 • 1 r L • , Na0H > 11,0 P H is subsequently lowered to 1.8 using 

t^^X^!!^ Vaster the in use of the hydrochloric acid (15% HC1), and 476 ml of TiCl 4 solution 

llrZT ? ormulatlons suc * as , P ain j s > Pnntmg inks, (400 g/1) are metered in. During this addition the pH is kept 

lacquers, plastics, ceramic materials and glasses and for # • j- \. 1 ^"^pno^pi 

cosmetics preparations. & ™** X usm & a ^ ueous sodlum hydroxide solution (32% 

It is of course the case that for the various target appli- 50 N ^ H) " Fo low ^f the addition of the TiCI 4 solution the 

cations the multilayer pigments can also be employed m ^ xture f f^ed for 15 minutes and the product is filtered 

advantageously in blends with other pigments, examples ° Wa f d oc ^ deionized water, dried at 110° C. and 

being transparent and hiding white, coloured and black calcined at 850 C for 30 minutes. The interference pigment 

pigments, and with platelet-shaped iron oxides, organic obtained has an intense red interference colour, 

pigments, holographic pigments, LCPs (liquid crystal 55 

polymers) and conventional transparent, coloured and black Example 3 

lustre pigments based on metal oxide-coated mica and Si0 2 100 g of muscovite mica (particle size 10-60 //m) in 2 1 

platelets, etc. The multilayer pigments can be mixed in any of deionized water are heated to 80° C. Then, with vigorous 

proportion with customary commercial pigments and stirring, a solution of 3 g of SnCl 4 x5H 2 0 and 10 ml of 

eX rI?5 e / S ' 1 u- u f 1, • ^ . m 60 h y dr ochloric acid (37% HC1) in 90 ml deionized water is 

inv^ntinnTf ^ f 1 l0W ^ 10 ** addcd at a P H of 20 - Durin S addition the pH is kept 

invention yet without placng any limitation on it. constant using aqueous sod f um hydmxide { ^ % 

EXAMPLES NaOH). Subsequently, at a pH of 1.8, 155 ml of TiCl 4 

Example 1 solution (400 g TiClVl) are added. During this addition the 

65 pH is kept constant using aqueous sodium hydroxide solu- 

100 g of mica^PSD 10-60 //m) in 2 1 of deionized water tion (32% NaOH). The pH is subsequently raised to 2 6 

are heated to 80° C. At this temperature, 430 g of iron(III) using aqueous sodium hydroxide solution and at this pH 100 
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ml of a solution of 25 ml of TiCl 4 solution (400 g TiCyi), the pH again being kept constant using aqueous sodium 

48 g of FeCl 3 solution (14.25% Fe) and 4.8 g of AlCl 3 x hydroxide solution (32% NaOH). 

6H 2 0 in deiomzed water are added. During this addition the Subsequently the pigment is filtered off with suction, 

? mTZm US1Dg aqUCOUS * hydr ° xide Solu " w ^hed with deionized water and dried at 110* C. Following 

^ INaUH > 5 this stage the pigment obtained has a reddish violet colour 

The pH is subsequently raised to 7.5 using aqueous which flips to yellowish green 

sodium hydroxide solution (32% NaOH) and at this pH a Finally> the pigment is calcined at 85Q o Q fof 3Q ^ 

solution of 271 g of sodium silicate (27% SiOJ m 271 g of ^ resillt is IWerence pigment with a yellowish red 

deiomzed water » metered^ l^epH is kept constant using lustre whose ^ m to a ^ 1Iowish greeu y 

hydrochloric acid (10% HC1). The pH is subsequently ™ e 

lowered to 2.0 using hydrochloric acid (10% HC1), and a Example 6 

solution of 3 g of SnCl 4 x5H 2 0 and 10 ml of hydrochloric _ 

acid (37% MCI) in 90 ml of deionized water is metered in. _ ^ metal 0xidc la y crs arc Precipitated as in Example 5. 

During this addition the pH is kept constant using aqueous la f addltlon ' at a P H of 2.6, 130 ml of a mixture of 129 ml 

sodium hydroxide solution (50% NaOH). Subsequently at a ^ f TlC1 4 solutlon ( 400 S ^VO 147 ml of FeCl 3 solution 

pH of 1.8, 45 ml of TiCl 4 solution (400 g TiCyi) are added ( 14 08% Fe )> 102 g of AlCl 3 x6H 2 0 and 157 ml of deionized 

the pH again being kept constant using aqueous sodium W * ter are added at a metenn g rate of 1 ml/min. During this 

hydroxide solution (32% NaOH). Thereafter the pH is raised addltlon lhe P H 1S kept constant using aqueous sodium 

to 2.6 using aqueous sodium hydroxide solution (32% Mroxide solution (32% NaOH). 

NaOH) and at this pH 230 ml of a solution of 129 ml of 20 ^ pigment is worked up as in Examples 1-5. 

TiCl„ solution (400 g TiCl^/1), 206 g of FeCl 3 solution The dried pigment exhibits an intense reddish violet 

(14.25% Fe) and 10.2 gAlC^xeF^O in 157 ml of deionized colour of high lustre, which flips to orange. After 

water are metered in. During this addition the pH is kept calcination, the pigment has a yellowish red lustre, with the 

constant using aqueous sodium hydroxide solution (32% colour flipping to a strongly lustrous yellow. 

NaOH). Finally the pigment is filtered off with suction, 25 

washed with deionized water, dried at 110° C. and calcined Example 7 

at 850° C. for 30 minutes. The result is an interference The dried product from Example 4 is calcined at 850° C 

pigment with an intense reddish violet colour which flips for 3 0 minutes in a forming-gas atmosphere (N 2 /Hy 85/15) 

through orange to a strong yellowish green. ^ pigmenl prepared in this way exhibits a re J b|on £ 

Example 4 *° effeCt and stron S lustre and also heightened opacity. On 

flipping, the colour changes to a strong yellowish green. 

The dried pigment from Example 2 is calcined at 850° C. 
for 30 minutes in a forming-gas atmosphere (N 2 /H 2 ; 85/15). Example 8 

'Hie pigmenl prepared in this way exhibits an intense bronze 35 The dried product from Example 5 is calcined at 850° C. 
effect and a strong lustre. for 30 minutes in a forming-gas atmosphere (N 2 /H 2 ; 85/15). 

The pigment prepared in this way exhibits a deep red bronze 
Example 5 effect and strong i ustre and also heightened opacity. On 

100 g of muscovite mica (particle size 10-60 fim) in 2 1 flipping, the colour changes to a strong golden yellow, 

of deionized water are heated to 80° C. Then, with vigorous 40 Wnat ls claimecl * s: 

stirring, a solution of 3 g of SnCl 4 x5H 2 0 and 10 ml of 1- An interference pigment comprising a multiply coated, 

hydrochloric acid (37% HC1) in 90 ml deionized water is platelet-shaped substrate (S) having at least one layer 

added at a metering rate of 4 ml/min at a pH of 2.0. During sequence comprising 

this addition the pH is kept constant using aqueous sodium (A) a coating having a refractive index n>2.0, 

hydroxide solution (32% NaOH). Subsequently, at a pH of 45 (B) a colourless coating having a refractive index n>l 8 

1.8, 155 ml of TiCl 4 solution (400 g TiCl 4 /l) are added at a and 

metering rate of 2 ml/min. During this addition the pH is (C ) a nonabsorbing coating of high refractive index. 

JSt Tnm £t ing J qUe °? S ° di T h y. dro 1 Xlde 5011111011 2. The interference pigment according to claim 1, wherein 

(32% NaOH). The pH is subsequently raised to 2.6 using between the substrate (S) and the layer (A), the layer (A) and 

aqueous sodium hydroxide solution and at this pH 100 ml of 50 (B), and/or the layer (B) and (C) there is a further colored or 

asoluhon of 25 m of TtCl 4 solution (400 g TiCyi), 48 g of co i orless metal ^ £ ^ (A1) (B1) and/or (C1) 

FeCl 3 so ution (14.25% Fe) and 4.8 g of AlCl 3 x6H 2 0 in 3. The interference pigment according to claim 

deiomzed water are added. During this addition the pH is the plate let -shaped substrate is natural or synthetic mica, 

m'/Tnm ^ aqUC ° US hydf0xide 8011111011 S lass > Al^, Si0 2 or Ti0 2 flakes, or a platelet -shaped 

(32/0 NaOH). 55 mater f a i coated with at least one metal oxide. 

The pH is subsequently raised to 7.5 using aqueous 4. The interference pigment according to claim 1, wherein 

sodium hydroxide solution (32% NaOH) and at this pH a the layers (A), (B) and (C) consist essentially of metal 

solution of 297 g of sodium silicate (27% Si0 2 ) in 297 g of oxides. 

deionized water is metered in at a rate of 2 ml/min. The pH 5. The interference pigment according to claim 1, wherein 

is kept constant using hydrochloric acid (10% HQ). The pH 60 the layer (A) consists essentially of titanium dioxide, iron 

is subsequently lowered to 2.0 using hydrochloric acid (10% oxide, bismuth oxychloride, zirconium oxide, tin oxide, zinc 

HC1), and a solution of 3 g of SnCl 4 x5H 2 0 and 10 ml of oxide, titanium suboxides, iron titanates, iron oxide 

hydrochloric acid (37% HQ) in 90 ml of deionized water is hydrates, chromium oxide, bismuth vanadate, cobalt alumi- 

metered in at a rate of 4 ml/min. During this addition the pH nate or a mixture thereof. 

is kept constant using aqueous sodium hydroxide solution 65 6. The interference pigment according to claim 1, wherein 

(32% NaOH). Subsequently, at a pH of 1.8, 250.5 ml of the layer (B) consists esseutially of silicon dioxide, alumi- 

TiCl 4 solution (400 g TiCl 4 /l) are added at a rate of 2 ml/min, num oxide, magnesium fluoride or a mixture thereof. 
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7. The interference pigment according to claim 1, wherein 
the layer (C) consist essentially of titanium dioxide, bismuth 
oxychloride, zirconium oxide, tin oxide, zinc oxide or a 
mixture thereof. 

8. The interference pigment according to claim 1, having 
the layer sequence (A)-(C) up to four times. 

9. The interference pigment according to claim 8, con- 
taining only one layer sequence (A)-(C). 

10. A process for preparing an interference pigment 
according to claim 1, comprising applying the metal oxides 
wet-chemically to the platelet -shaped substrate by hydro- 
lytic decomposition of metal salts in an aqueous medium. 

11. A paint, lacquer, printing ink, plastic, ceramic 
material, glass or cosmetic formulation, comprising an inter- 
ference pigment according to claim 1. 

12. The interference pigment according to claim 1, further 
comprising (D) an external protective layer. 
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13. An interference pigment comprising a multiply 
coated, platelet-shaped substrate having at least one layer 
sequence comprising 

5 (A) a coating having a refractive index n>2.0, selected 
from the group consisting of iron oxide, bismuth 
oxychloride, zirconium oxide, bismuth vanadate, 
cobalt alum in ate or a mixture thereof, 

10 ( B ) a colourless coating having a refractive index n>1.8, 
selected from the group consisting of titanium dioxide, 
tin oxide, zinc oxide or a mixture thereof, 

(C) a nonabsorbing coating of high refractive index, and, 

as (D) an external protective layer. 

***** 
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/. Introduction 

A. General Introduction 

Angle-dependent optical effects can be found in 
various industrial products and consequently in 



different end-user applications. These effects are used 
for functional purposes, such as security printing and 
optical filters, and for decorative purposes, as in 
cosmetics and car paints. 

In the security field, the user takes advantage of 
the fact that the angle-dependent optical effect can- 
not be easily copied with conventional copier ma- 
chines or photographic techniques. Forging is only 
possible if similar products are utilized, which makes 
forging much more complicated and expensive. Con- 
sequently, pearlescent and optical multilayer pig- 
ments are used on bank notes by many countries. 

Multilayer films or films containing pearlescent 
pigments reflect a certain portion of the visible light. 
Therefore, they are increasingly being used in green- 
house applications to influence the light that shines 
onto the plants and, hence, influences their growth. 

In the decorative applications, three major advan- 
tages are seen from the use of angle-dependent 
optical effects. The first is the illusion of optical 
depth, which is, for example, created by the gradual 
angle-dependent color changes observed of pearles- 
cent pigments in car paints. This illusion is especially 
strong when extended areas are profiled as in auto- 
motive fenders. Pearlescent pigments can be found 
in the lacquers of more than 40% of the cars in the 
United States and 30% in Europe. 

The second advantage is the subtle to startling eye- 
catching effect of an angle-depending color. A conse- 
quence of this is that pearlescent pigments are often 
used in packaging for their aesthetic and promotional 
eye-catching appeal. The third field is the ability to 
imitate the effect of natural pearls in buttons, plastic 
bottles, and many other objects. 

B. Scope of the Review 

Angle-dependent optical effects can be achieved by 
using extended films, for example, wrapping paper; 
extended coatings, for example, glass dip coatings; 
or coatings that contain special effect pigments. 

In this review, a special focus is set on the angle- 
dependent optical effects found in particles, e.g., 
pigments, because they can be used in a broader set 
of applications than extended optical films and coat- 
ings. Similar products are used for functional pur- 
poses, for example, conductive pigments. These are 
not a subject of this review. 
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//. Theory of Angle-Dependent Optical Effects 

Due to the importance of interference pigments and 
films, the theory of interference colors is presented 
below. The background of dichroism and holographic 
effects is discussed together with the products, 

A. Interference at Single Layers 

The physical background of optical interference 
. effects has been the subject of many publications. 1 
The literature, however, deals either with the theory 
for idealized thin films 2 " 5 or with the measurement 




Figure 1. Splitting of a light beam at a thin layer. 
Reflections occur at both interfaces of the film. 

and characterization of pearlescent pigments in ap- 
plication media. 5 ' 6 A theory for interference pigments 
that includes the optical effects of the particles 
boundaries is not yet developed. 

When a beam of white light strikes a thin film with 
a thickness on the order of the wavelength of visible 
light, interference colors can be detected. The color 
observed depends on the viewing angle. 

The basis of the interference theory is the Fresnel 
equations, which give the amplitudes r of reflected 
electromagnetic waves as 

n 0 cos do - n x cos a t 
r ° ~~ n 0 cos as + rc L cos a L 
n l cos a x - 7i 0 cos cr^ 



rp n x cos a x + n Q cos 



(1) 



no and m are the refractive indices of the two media. 
The indices S and P refer to the orientation of the 
electromagnetic field vector relative to the plane of 
incidence: perpendicular = S-polarized light, parallel 
= P-polarized light. 

The intensity R of the light is closely related to its 
amplitude 



_ 2 



Rs = rt 



R ? - r P 



(2) 



The geometry of the light pathway within the two 
media conforms to Snell's law (eq 3) and the reflection 
law that the incident angle is equal to the reflecting 
angle. According to these terms, an incident light 



n 0 sin c^ = n l sin a r 



(3) 



beam of intensity h and amplitude A 0 splits up into 
reflected and a transmitted portions, see Figure 1. 
The amplitudes Ri of the reflected light beams coming 
from single and multiple reflections can be calculated 
using the Fresnel equations 

R3 = t\ rjl Ao, etc. 



(4) 



with t as the amplitude of the transmitted light. The 
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reflection at the upper and lower surfaces gives rise 
to different pathways of the particular beams. This 
difference of the traversed distances, G, is repre- 
sented by the following terms, see Figure 1 



G = 2n x AB - n^AD 



(5) 



Combined with SnelTs law (eq 3), the angle-depend- 
ent form is obtained 



V n 0 9 
(1 sin olq 



The phase difference angle 6 follows as 



(6) 



(5 = T^ = ~T 



Tin 



'(1 - — sin^o^ 



(7) 



The superposition of the reflected beams must be 
. performed for amplitude and phase, see eq 4 



= r*" - t\ r& e" 2W + t\ r\ r\ e~™ 



R = R x + R2 + R3 + ... 

r l + *1 r 2 l 

„ ^ , .2 „ -id (~i _ „ -id , 2 2 ~2id 

-r l + t l r 2 e (1 - r x r 2 e + r x r 2 e - 

r\ e- Zid + ...) (8) 

This geometrical series can be transformed to 



R = r x + 



1 + r x r 2 e 



-id 



(9) 



The optical impression for the human eye is directly 
related to the reflected light intensity I r , which is 
obtained by multiplication of R with its conjugated 
complex value. 

For nonabsorbing media (r 2 + t 2 = 1; I r + It = To) 
and using eq 7, we obtain the following expression 
for the intensity of the reflected light I T 



r\ + r\ + 2r 1 r 2 cos 6 



r 1 + r\ r\ + 2r l r 2 cos 6 
and for the intensity of the transmitted light I t 
(1 - r{)(l - r\) 



(10) 



1 + r\ r\ + 2r x r 2 cos 6 



(11) 



For a thin film in a homogeneous medium we can 
set ri — -r 2 = r and obtain 



R = 



1 — cos <5 



l + r» 
2r 2 



(12) 



cos (5 



When the incident angle is variable, the amphtude 
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Table 1. Refractive Indices /id of Important 
Transparent Coatin g Materials 

max reflected 
intensity of 
thin layer (%) 



substance 


refractive index 
no loou nmj 


111 

air 


in Lacquer 
of n D = 1.5 


glass 


1.0 


1 K 


U 


natural muscovite 


1.58 


18 


0 


AI2O3 corundum 


1.77 


27 


3 


natural pearl essence 


L91 (perpendicular) 


32 


6 




1.78 (parallel) 






basic lead carbonate 


2.0 


36 


8 


BiOCl 


2.15 


42 


12 


Ti02 anatase 


2.3 


47 


16 


Ti0 2 rutile 


2.7 


58 


28 



r has to be replaced by the Fresnel expressions of r a 
and r p (eq 1). In the case of perpendicular incidence 
of light, these equations collapse to 



_ ^0 ~ n i 



(13) 



In eq 12, the reflected light intensity R reaches a 
maximum value for cos 6 = — 1. This is realized for 
distinctive wavelengths and distinctive optical film 
thicknesses n\d 

±n x d 

X ™ = 2^+1 f ° r m = °' lf 2l 3 ' '■' 



(14) 



At these wavelengths we observe the maximum 
reflection R which exclusively depends on the refrac- 
tive index ni of the platelet according to 



2\2 



R = 



(15) 



This is the well-known equation for maximum re- 
flectance of perpendicular incidence on a thin film. 
Values for the refractive index of the most important 
coating materials are shown in Table 1. 

If the refractive index of the thin film is higher 
than that of the medium, which is normally the case, 
a phase shift of 180° occurs for the portion of the light 
which is reflected at the upper surface of the film. 
This phase shift is already taken into account by eq 
1. 

According to eq 11, R is extinguished for cos d = 
+1. The condition for this is 

= for m = l, 2, 3, ... 



2m 

n x d — Jri ~~2 



(16) 



For eqs 13-16, we have restricted the model to 
perpendicular incidence. If this restriction is lifted, 
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Table 2. Current Producers of Oxidic Effect Pigments (1998) a 



company 



product range 



remarks 



Merck KGaA (in the U. S.: 

EM Industries) 
Engelhard Corporation 

BASF 

Eckart Werke 

Flex Products 

ISP Van Dyk 
Shiseido 
Sudarshan 



full range of metal oxide/mica pigments, pearlescent 

pigments on silica and dumina flakes, BiOCl 
full range of metal oxide/mica pigments, BiOCl, 

natural pearl essence, basic lead carbonate 
metal oxide/aluminum pigments, limited range of 

metal oxide/mica, produced by CVD 
limited range of metal oxide/mica pigments, 

metallic pigments 
multilayer pigments by CVD, mainly for 

security printing 
BiOCl 

titanium suboxide/mica 
limited range of metal oxide/mica pigments 



bought pearlescent pigment business from 
Meari in 1996 and from Semo in 1997 



bought pearlescent pigment business from 

Kemira in 1998 
subsidiary of OCLI 



formerly Mallinckrodt 



partly owned by Dainippon Ink 
a There are some smaller producers that cover approximately less than 2% of the world market. 



the relation of the interference color with the incident 
and viewing angle a makes the equations more 
complicated, due to the angle dependence of the 
phase difference 6. Equation 16 then becomes 



200 



Xjaax = 2m + 1 




for m = 0, 1, 2, 3, ... (17) ~ 



This equation shows that the maximum reflectance 
shifts to a shorter wavelength when the viewing 
angle is increased. A thin film illuminated by white 
light can, for example, show traveling colors from red 
to blue when the. observer changes his position 
toward a flatter viewing angle. A flatter viewing 
angle corresponds to a longer path through the layers 
or, respectively, an increased layer thickness. Figure 
2 shows the reflectivity spectra of a series of pearl- 
escent pigments consisting of mica platelets with 
increasing rutile layer thicknesses. 

From eq 17 it is also seen that a broader dis-^ 
tribution of the thickness d would lead to a less/ 
defined color and could finally wipe out the inter-), 
ference maximum. This is the case for ground natural 
mica which is used as a substrate for the production 
of pearlescent pigments, see below. It consists of 
platelets whose thickness vary from particle to 
particle, typically in the range of 100-1000 nm. 
Therefore, the single mica particles show inter- 
ference colors but not the ensemble of particles. 1 In 
contrast to mica, the alumina and silica sub- 
strates mentioned below have a constant thickness 
and show interference colors. This is also the case 
for bismuth oxychloride and basic lead carbonate 
pigments. 

The optical layers can also be built up by materials 
that absorb light such as iron oxides or chromium 
oxides. In this case, the mass tone is combined with 
the angle-dependent interference color. For the cal- 
culation of the optical characteristics of such layers, 
the real refractive index in the equations above is 
replaced by the complex refractive index n\ = n — ik, 
where k is the extinction coefficient, which is of 
course also a function of the wavelength of the 
incident light. 




300 350 400 450 500 550 600 650 700 

Wavelength [nm] 

Figure 2. Reflectivity of pigmented nitrocellulose lacquer 
films con tainin g commercial mica-based pearlescent pig- 
ments with rutile layers of various thicknesses indicated 
in the figure: 60 nm corresponds to a silverwhite, 105 nm 
to a golden, 150 nm to a red, 170 nm to a blue,, and 210 
nm to a green interference color. 

B. Interference at Multiple Layers 

When several thin films of different refractive 
indices are combined, multiple reflections occur. 7 As 
a consequence, stronger and better defined interfer- 
ence colors can be achieved, see Figure 9, This 
multilayer technique is found in nature as the deep 
iridescent colors of beetles exocuticles, 8 butterfly 
wings, bird feathers, 9 and plants 10 as well as the 
nacreous appearance of natural pearls and sea shells. 1 ^ 
The well-known TiC^-mica pigments consist of a \ 
three-layer system, as shown in Figure 3. Every^ 
pigment particle shows the stronger interference 
color of a three-layer Ti0 2 -niica-Ti02 system. How- 
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T, T, T, 

Figure 3. Splitting of a light beam at a three-layer system. 
Multiple reflections occur at the various interfaces. 




V 



! Figure 4. General scheme of platelet-shaped pigment 

| particles in a paint film . Typical thicknesses of the film 

| are between 5 (offset printing), 30 (automotive coatings), 

| and 120 pan (powder coatings). The mean thickness of the 

I pigment particles is about 0.5 pim. 

I \ 

\ \ ever, due to the broad thickness distribution of the 
Wca platelets, the ensemble of particles has nearly 
the same optical characteristics as a single TiC>2 layer 
on mica. 1 New pearlescent pigments based on syn- 
thetic substrates are true three-layer systems and 
\ show, therefore, an improved appearance, see below, 
i \ If materials are used with a smaller difference in 
j ' the refractive indices, it becomes necessary to use 
I many more layers to achieve a reasonable interfer- 
I ence effect. There are commercial products which are 
I based on organic polymers such as polystyrene and 
polyethylene and consist of up to 1000 layers. 12 

The interference color effects of multilayer films 
cannot be calculated in a simple way. It would go 
j beyond the scope of this review to show the theoreti- 
! cal background; therefore, it is referred to in the 
| literature. 13,14 However, as for the single layer, the 
j intensity of the reflected light depends strongly on 
the differences between the refractive indices. 

: C. Basic Requirements for Pearlescent Pigments 

Pearlescent pigments must fulfill many require- 
ments to be successful in the market place. First of 
all, they should show a strong pearlescent effect. As 
outlined above, a high difference in the refractive 
indices is essential for this goal. The choice of coating 
materials is limited to, for example, titanium oxides, 
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iron oxides, and chromium oxides and the choice of 
substrates to silicium dioxide, silicates, and alumi- 
num oxide. The layers of the coating material should 
also be as dense as possible to avoid the "dilution" of 
their refractive index, see eq 18 below. The materials 
used should also be environmentally safe and globally 
approved for the use in the field of the desired 
application. 

Since the pearlescent effect is a directed reflection, 
unfavorable diffuse reflection should be reduced to a 
minimum to suppress a milky diffuse background. 
This means that, for example, side precipitation 
during the coating process and crack formation in the 
coating layer during calcination should be avoided. 
The edges of plate-shaped particles also give rise to 
diffuse light scattering. As a consequence, larger 
particle surface dimensions (diameters) lead to strong- 
er pearlescent effects as the edge scattering effect is 
greatly reduced. However, the single pigment par- 
ticles become distinguishable by the naked eye when 
their diameter reaches 60 /mi, and the effect changes 
from a silky to a sparkle appearance. This is gener- 
ally not desired for car paints and cosmetics, although 
there are applications for the sparkle effect like 
snowboards and toothpastes. Typical particle diam- 
eter fractions are in the range of 0—15, 5-25, and 
10-40 fim. 

The pigment substrate (core), e.g., mica, acts as a 
mechanical support and is often necessary as a 
template for the synthesis of the high-refractive 
layers, which will be discussed below. However, if the 
substrate particles have a wide thickness distribu- 
tion, they become optically inactive as shown above 1 
and dilute the optical effect. In this case, the sub- 
strate should be as thin as possible but still thick 
enough to be mechanically stable. Typical mean 
values of mica substrate thicknesses are in the range 
of 200-600 rim. 

D. Computer-Aided Simulations and Their 
Limitations 

Computer programs are commercially available for 
calculation of the optical appearance of monolayer, 
multilayer, and absorbing systems. 15 They give excel- 
lent results for nonabsorbing continuous dense layers 
which were, for example, produced by physical or 
chemical vapor deposition (PVD, CVD). For the 
calculation it has to be kept in mind that the 
refractive index depends on the wavelength of the 
incident light, an effect that is particularly strong for 
titanium dioxide. Often calculation of absorbing 
layers does not agree well with the practical meas- 
urements. The reason is that the extinction coef- 



Substrate-free Pigment Monolayer Pigment Multilayer Pigment 

I I [=1 

ki High-refractive material 
i — i Low-refractive material 

Figure 5. General scheme of substrate-free, monolayer, and multilayer pigments. 
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Figure 6. SEM photo of pigment particles isolated from 
natural pearl essence (nshsilver). 



Figure 7. SEM photo of a basic lead carbonate pigment 
particle with a thickness of 46 am and a yellow interference 
color. 




Figure 8, SEM photo of a cross-section through an 
anatase/mica pigment particle. The anatase layers are 
precipitated to yield an average thickness of 140 nm on 
each side of the mica substrate for a blue interference color. 

ficient of all light-absorbing layers, e.g., iron oxides 
and chromium oxides, depends strongly on the grain 
size, grain shape, dopants, impurities, and prepara- 
tion. 16 




250 500 750 1000 1250 1500 1750 2000 2250 2500 

Wavelength [nm] 

Figure 9. Total reflectivity of two green interference 
pigments consisting of mica flakes coated with a single 
layer of 160 nm anatase (thin line), respectively, a three- 
layer system of 160 nm anatase, 85 nm Si0 2l and 160 nm 
anatase (bold. curve) (see Figure 4): The thickness distribu- 
tion of the mica flakes is broad enough to decouple the top 
and bottom coatings. 1 Measurements were carried out on 
nitrocellulose lacquer films, containing approximately 2 wt 
% pigment in an Ullbricht integration sphere. 

Real systems show a porosity in the optical layers 
that "dilutes" the bulk refractive index,, yielding an 
effective refractive index of the film. This can be 
taken into account by using the so-called Lorentz- 
Lorenz or Clausius-Mosotti equation 17 . 



71? + 2 



- 1 nl 

-P + - 



-a(l-P) (18) 



where nt = the effective refractive index of the film, 
n m = the refractive index of the bulk, n w — the 
refractive index of the material filling the pores, a == 
the relative proportion of pores filled with said 
material, and P = the film packing density (relative 
density). 

The porosity of Ti0 2 films has been extensively 
investigated. 18 Liquid-phase or gas-phase deposition ■ 
leads to a significant porosity, often more than 25% 
of the layer. Dense layers can only be prepared using 
high-energy ion plating techniques. The porosity 
leads to a reduction of the reflected light intensity, 
which can be calculated by putting the effective 
refractive index from eq 18 into eq 15. The Lorentz- 
Lorenz equation also explains the fact that interfer- 
ence pigment powders show an unusual shift of the 
interference color when their pores are filled with 
small amounts of liquid such as water or lacquer. 

However, there are limitations due to the fact that 
the calculation does not take into account the particle 
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characteristics of a pigment. First, the edges of the 
pigment particles lead to diffuse scattering, resulting 
in the addition of a diffuse background to the optical 
spectra. Second, in a typical application, for example, 
a lacquer coating, the pigment particles do not cover 
the whole area, see Figure 4. Third, there is also a 
contribution to the reflection from particles that he 
underneath, see Figure 4, leading to a higher reflec- 
tion intensity. Fourth, the alignment of the platelets 
could not be optimal, leading to a less pronounced 
angle-dependence of the reflection. A good parallel 
alignment is often achieved by the flow characteris- 
tics of the platelets themselves, due to their high 
aspect ratios. The thickness reduction during drying 
of a lacquer film normally leads to a good orientation. 
However, when the random orientation of the pig- 
ment particles is quenched by high-viscosity or ul- 
trafast curing or when the structure is disturbed by 
excessive media shrinkage or pigment agglomeration, 
the parallel orientation of the pigment platelets can 
be less pronounced. 

///. Extended Interference Films 

Extended films were the subject of a short review 
published in 1992. x9 

A. Inorganic Films by Gas-Phase Deposition 

Angle-dependent optical effects can also be gener- 
ated on flat surfaces using evaporation techniques. 
Commercially used methods are (1) high-vacuum 
evaporation, also with electron guns, 20 (2) physical 
deposition processes such as magnetron sputtering, 
ion plating, ion-assisted evaporation, 21 (3) chemical 
vapor deposition (CVD) such as low-pressure CVD 
and plasma-enhanced CVD. 22 • 

Since most of the substrates, such as glass, show 
a low refractive index, the coating must possess a 
higher refractive index than the substrate. It nor- 
mally consists of titania or zirconia. ZnS and Ta 2 Os 
are also used. Very often multilayer coatings are 
applied that contain Si0 2 , A1 2 0 3 , or MgF 2 as low- 
refractive layers next to the high-refractive materials 
and optional transparent or semitransparent metal 
layers. Mixed oxide layers are also feasible as long 
as the evaporation is consecutive. Very often small 
amounts of doping material reduce crystallization 
and increase, therefore, the homogeneity of the films. 

Because of cost considerations these types of proc- 
esses sure only used for optical lenses, filters, laser 
mirrors, eyeglasses, and communication. Of increas- 
ing importance are nonclassical coatings such as 
electrochromic and transparent conductive coatings. 

B. Inorganic Films by Liquid-Phase Deposition 

Extended optical layers are very often generated 
from the liquid phase. The following methods can be 
used: (1) dipping processes, for large surfaces, the 
most economical and easily applicable; (2) spreading 
out the liquid film by centrifugally spinning the 
wetted surfaces (spin-coating), only applicable for 
small circular objects; (3) spraying processes. 
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To produce homogeneous layers, the coating solu- 
tions must have the following characteristics: (1) 
adequate solubility of the initial compounds, and a 
minimal tendency toward crystallization during the 
evaporation of the solvent; (2) sufficiently small 
contact angles between substrate and solution to 
obtain a good wetting; (3) easy transformation of the 
deposited gel film into a solid homogeneous film layer 
without the appearance of cracks or hazing. 

The liquid-phase preparation as well as the optical 
effects of the resulting films have been well-known 
for some decades and are covered by an older review 
article. 23 The liquid-phase deposition processes are 
today widely used for glass coatings. 

Reversible electrochromic and photochromic effects 
have been observed with thin films made of W0 3 , 
Sn0 2 and Ti0 2 - 24 

C. Organic Films 

Angle-dependent optical effects can be generated 
by organic multilayer films. 25 Because the refractive 
indices of organic materials differ much less than 
those of inorganics, such films usually contain more 
than 70 layers, sometimes even up to 1000 layers to 
achieve a strong interference effect. The difference 
of the refractive indices should be, nevertheless, at 
least 0.06. 

The individual layers are normally 50-400 nm 
thick. As outlined in the theoretical part above, the 
quantity of the reflected light and the chroma 26 
depends on the difference of refractive indices, the 
number of layers, the ratio of the optical thicknesses 
of the layers, and the uniformity of the thicknesses. 27 

The multilayer organic films can be produced by a 
chill-roll casting technique using a conventional 
single manifold flat film in combination with a 
feedblock that collects the melts from two or more 
extruders (co-extrusion) and arranges them into the 
desired layer design. The low-refractive index poly- 
mer is usually polymethacrylate, polymethacrylate— 
polyester, polypropylene, ethylene vinyl acetate, or 
polyether glycol (all having rc D of 1.48—1.50). The 
high-refractive index polymer is often chosen to be 
polyethylene terephthalate) and poly(butylene tere- 
phthalate) and their copolymers (1.55-1.61), poly- 
styrene (1.60), or polycarbonate (1.59). The organic 
films can contain colorants and/or pigments. 28 

At the moment it is not possible to achieve a 
unif orm interference color throughout the whole film. 
The production process generates a slight thickness 
variation leading to different color patches, for ex- 
ample, green and blue, that appear very close to each 
other. Therefore, these films are not widely used with 
the exception of gift wrapping materials. 

IV. Pearlescent Pigments 

Special effect pigments with angle-dependent opti- 
cal effects have a growing economic significance. The 
total worldwide annual market volume is about 
15 000 tons for metallic and 14 000 tons for oxidic 
pigments. 29 Pigments can be produced by synthesis 
of pigment particles or by grinding a film that already 
shows the angle-dependent optical effects. 



• i970 Chemical Reviews, 1999, Vol. 99, No. 7 

The field of pearlescent pigments has been re- 
viewed in 1988 by L. M. Greenstein 3 and in 1992 in 
Ullmann's Encyclopedia of Industrial Chemistry } s 
There is also a book 30 about pearlescent pigments 
which covers marketing and popular aspects and a 
book about special effect pigments and their applica- 
tions. 31 

Pearlescent pigments can be grouped into two 
fields: (1) particles that consist of basically one 
optically homogeneous material; (2) particles that 
have a layered structure on a substrate, see Figure 
5. Substrate-free pigments can be single crystals such 
as BiOCl or polycrystalline flakes such as Ti0 2 flakes, 
see below. Their optical thickness is often chosen to 
be on the order of one-fourth of the wavelength of 
visible light so that the inference color is at its 
maximum and the absorption is as low as possible. 
However, this means that they are often very thin. 
Therefore, the mechanical stability is usually lower 
than for substrate-based pigments. 

Only a few substances can be forced to crystallize 
as thin platelets. Therefore, thin platelets are used 
as so-called substrates or templates onto which 
materials of high refractive index can be precipitated. 
The best known examples are the pearlescent pig- 
ments that are based on Ti02 precipitated onto 
platelets of natural mica, see below. Pigments based 
on transparent substrates, such as the mica-based 
products, can be easily combined with absorption 
pigments even in thicker coatings. They create the 
impression of optical depth due to their smooth and 
gradual change of reflection and/or chroma. On the 
other side, pigments with metallic substrates have 
advantages in very thin coatings due to their strong 
hiding power. Mixtures of mica pigments and metal- 
lic pigments are often used in car paints. 32 

For outdoor use, especially for car paints and 
architectural applications, the chemical and photo- 
chemical reactivity of the metal-oxide-containing 
pigments is normally reduced by an additional treat- 
ment, 33 

A. Substrate-Free Pigments 

/. Natural Pearl Essence 

Natural pearls and nacreous shells have been used 
since ancient times for decorative purposes. In 1656, 
the French rosary maker Jaquin isolated a silky 
lustrous suspension from fish scales and produced the 
first pearlescent pigments. 34 This suspension is often 
called natural pearl essence. The pigment particles 
are platelet-shaped with a very high aspect ratio 
(0.05 fim x 1-10 fim x 20-50 fxm, see Figure 6) and 
consist of 75-97% guanine and 3-25% hypoxan- 
thine. 35 

To date there is no commercial synthetic process 
for producing similar plitelet^sSaped products of such 
brilliance. One is, therefore, limited to a process 
based on the natural supply: An aqueous suspension 
of white fish scales is treated with organic solvents 
in a complicated washing and phase-transfer process 
to remove proteins and irregular guanine crystals. 36 
One ton of fish yields less than 250 g of guanine. The 
pigment particles show a high tendency to agglomer- 
ate and are, therefore, only handled as dispersions. 
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Natural pearl essence is very expensive but shows 
some advantages over synthetic pearlescent pig- 
ments: it shows a high but soft luster (n D = 1.79 
(parallel) to 1.91 (perpendicular)). It is not brittle and 
has a relatively low density of 1.6 g/cm 3 , which 
reduces settling in liquid formulations. It is almost 
exclusively used in expensive cosmetic applications. 37 
The world production of natural pearl essence in 1998 
is estimated to be well under 50 t. 

2. Basic Lead Carbonate 

The first commercially successful synthetic pearl- 
escent pigments were hexagonal lead salt crystals, 
especially basic lead carbonate Pb(OH) 2 -2PbC0 3 . 
Basic lead carbonate 3,38 is precipitated from aqueous 
lead acetate with carbon dioxide under carefully 
controlled reaction conditions. The resulting platelets 
are less- than 0.05 fim thick and show hexagonal 
dimensions of about 20 ^m, yielding an aspect ratio 
of >200, see Figure 7. Due to their high refractive 
index of 2.0 and their even surface, they exhibit a 
very strong luster. If the thickness of the platelets is 
increased by slightly modified reaction conditions, 
interference colors can be obtained. 

The crystals are very fragile and are handled only 
in dispersions. They settle very fast because of their 
density of 6.14 g^cm 3 . The use of basic lead carbonate 
is also limited by its low chemical stability and 
toxicity of its byproducts as well as toxicological 
concerns in its application areas. Today less than 
1000 t of basic lead carbonate pigments are produced 
annually worldwide. 

3. Bismuth Oxychloride 

Bismuth oxychloride is produced by hydrolysis of 
very acidic (pH < 1.0) bismuth solutions in the 
presence of chloride. The crystal quality can be varied 
by careful adjustment of bismuth concentration, 
temperature, pH, pressure, reactor geometry, and 
addition of surfactants. The usually tetragonal bi- 
pyrimidal structure can be flattened to platelets with 
a high aspect ratio. Products with an aspect ratio of 
10-15 show low luster and a very good skin feel and 
are used as fillers in cosmetics. 39 Crystals with higher 
aspect ratios show an exceptional luster and are 
mainly used for nail polish. 

The low light stability, the fast settling caused by 
the high density of 7.73 g/cm 3 , and the lack of 
mechanical stability limit the use of BiOCl in techni- 
cal applications. Therefore, it is mainly used in 
cosmetics, but also in buttons and jewelry. The light 
stability can be improved to some extent by cerium 
doping 40 and UV absorbers. The current world mar- 
ket is about 400 tons per year. 

4. Micaceous Iron Oxide 

Micaceous iron oxide consists of pure or doped 
hematite (a-Fe 2 0 3 ). In nature it is found already in 
the form of platelets, 41 for example, in large quanti- 
ties in Karnten, Austria. Its density is 4.6-4.8 g/cm 3 ; 
its natural color is dark gray with low luster. Natural 
micaceous iron oxide is nearly exclusively used in 
corrosion protection coatings. 
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Micaceous iron oxide can also be obtained by 
hydrothermal synthesis in alkaline media. However, 
the dull dark color is as unappealing as that of the 
natural product. If substantial amounts of dopants 
are incorporated, 42 the aspect ratio can be increased 
up to 100, resulting in a much increased luster. The 
color can be also shifted to a more attractive reddish 
brown so that the products can be used for decorative 
purposes. 

The most important dopants are AI2O3, Si0 2 , and 
Mn 2 C>3. They can enforce a spinel structure. Si02 
yields thin small platelets, A1 2 0 3 yields thin larger 
platelets, and Mn 2 0 3 reduces the thickness. 43 The 
addition of Zr0 2 , B 2 0 3 , P2O5, Si0 2 , or additional A1 2 0 3 
reduces the agglomeration in application. Chromates, 
molybdates, wolframates, permanganates, and titan- 
; ates can be used to create different color shades. 
I The starting material Fe(OH) 3 or better FeOOH is 
! heated in an alkaline suspension together with the 
' dopants to temperatures above 170 °C, typically 250- 
\ 300 °C. Ferrates are probably formed as intermedi- 
ates. 43 After several minutes to hours, platelets of 
: doped iron oxide are obtained. In a second reaction 
phase, the pH is further increased so that platelets 
grow and form flat basal faces. 

5. Titanium Dioxide Flakes 

Titanium dioxide flakes are produced by breaking 
down a continuous film of Ti0 2 . The most efficient 
process is therefore is a web-coating process involving 
a thermal hydrolysis of TiOCl 2 on the web. 44 ' 45 
Alternative procedures are the application of tita- 
nium alkoxide on a smooth flat surface and cracking 
the resulting film into flakes by steam treatment, 46 
the application of a Ti0 2 sol on a glass surface and 
scratching off the resulting film, 47 the application of 
TiOCl 2 solution onto a gelatin film and dissolving the 
gelatin film, vacuum deposition, 45 the treatment of 
potassium titanate fibers with acid and subsequently 
with heat, 49 or creating and breaking hollow Ti0 2 
particles from a surfactant-Ti0 2 sol mixture. 50 Using 
the latter process, often concave shell-type flakes are 
obtained. 

Substrate-free Ti0 2 flakes can also be derived from 
Ti0 2 -mica pigments 51 or flaky Ti0 2 -Si0 2 pigments 52 
by dissolving the substrate in strong acids and/or 
strong alkalies. 

The titanium dioxide flakes produced by the meth- 
ods mentioned above are not single crystals but quite 
porous and, lacking the mechanical support of a 
substrate, hence brittle. Therefore, they are not used 
in technical applications in which mechanical stress 
is exerted. Co mm ercial products are available for the 
cosmetic market. 

The Ti0 2 flakes can be reduced to titanium sub- 
oxides yielding a dark bluish mass tone in addition 
to the interference color. 53 

6. Flaky Organic Pigments . 

Some organic pigments can be forced to crystallize 
in flake form, such as l,4-diketo-3,6-diarylpyrrolo- 
(3,4-c)-pyrrole (DPP), 54 ' 55 2,9-dichlorochinacridone, 56 
and metal phthalocyanines. 57 However, the difference 
between their refractive index and that of typical 
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applications such as lacquer is too small to generate 
strong interference colors. In most cases, the aspect 
ratio of these crystals is also much smaller than that 
of the inorganic pigments mentioned above. 

B. Pigments Formed by Coating of Substrates in 
the Gas Phase 

Compared to liquid-phase coatings, gas-phase reac- 
tions have the advantage of higher reaction temper- 
atures and a higher tendency for epitaxial growth. 
Solvents and electrolytes also do not appear as side 
products that might contaminate the optical layers. 
Gas-phase reactions allow smooth metal coatings, 
even as multiple coatings. However, gas-phase proc- 
esses are, in general, more difficult to handle. One 
problem is corrosion, for example, by TiCU, or toxicity 
of the precursors, for example, of Fe(CO) 5 . It is also 
more demanding to fluidize the substrates in the gas 
phase than it is to disperse them in water. 

/. Coatings onto Metal Flakes 

Oxide-coated metal flakes can be prepared by 
atmospheric oxidation at elevated temperatures. 
Colorftil products can be obtained when the surface 
of titanium flakes is oxidized to titanium suboxides. 53 
Iron or iron alloy flakes can be also oxidized. 59 With 
this technique the resulting surfaces are rather 
rough, especially for thicker oxide coatings. Only the 
corresponding oxide can be derived from the metal 
flake. 

It is quite difficult to handle metal flakes in the 
liquid and especially the aqueous phase because of 
agglomeration and corrosion. Therefore, gas-phase 
coating procedures have been developed. 

Aluminum flakes can be coated with iron oxide in 
a CVD process. 60 These are commercially the most 
important pigments based on CVD. The metal flakes 
are fluidized in nitrogen gas at temperatures around 
450 °C. Then the reagents, Fe(CO) 5 and 0 2 , are 
injected into the fluidized bed. For a proper coating 
they must be highly diluted in an inert gas. Some- 
times water vapor is; added to red^ electrostatic ; 
charging. The thickness of the coating is controlled 
by the reaction time. The only side product is carbon 
monoxide, which is catalytically oxidized to CO2. 

It is not known yet whether the reagents form an 
Fe 2 0 3 aerosol which then coats the aluminum flakes 
or whether they react at the hot flake surface. 43 
However, the epitaxial growth, the low porosity, and 
the absence of cracks in the coating support the latter 
mechanism. The problems with this coating process 
are to avoid the formation of stack-like agglomerates 
during the coating process, to fluidize the rather 
small particles, and to handle the reactive reagents 
at elevated temperatures. 

The aluminum flakes can be coated with aluminum 
oxide and/or silicon dioxide in the liquid phase before 
the CVD process 61 to reduce the reactivity of the 
metal and to create multilayer color effects. 

Metal halogenides are difficult to use as gas-phase 
precursors for the metal oxide coating because of the 
reactivity of the metal flakes and the corrosion of 
steel in chloride atmospheres. The use of TiCU and 
water ' vapor was described 62 about 10 years ago. 
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However, no commercial products have been intro- 
duced as yet. 

2. Coating onto Nonmetaitic Flakes 

Mica flakes can be coated in CVD processes using 
the same techniques as those discussed for metal 
flakes. In addition, one can also use metal chlorides 
as precursors for the oxide coating on mica. 62 How- 
ever, essentially the same products can be obtained 
more easily by precipitating the oxides from the 
liquid phase. Commercially available are iron oxide/ 
mica pigments for which Fe(CO) 5 is used as the 
precursor in a process very similar to the one for Al 
flakes. 

At higher temperatures, golden coatings of TiN on 
mica can be obtained from TiCl* and NH3. 63 Glass 
flakes can be coated with Si, which is then oxidized 
to dark SiC^-i. 64 Commercial products that are based 
on the latter processes are not available yet. 

C. Pigments Formed by Coating of Substrates in 
the Liquid Phase 

I Metal-Oxide-Coated Mica 

Today the commercially most important pearles- 
cent pigments are metal-oxide-coated mica particles, 
see Figure 8. Their synthesis was first published in 
1942. 65 However, a commercial use came only after 
the base patent of Du Pont 66 in the early 1960s and 
further improvements by Mearl 67 and Merck. 68 The 
coating of most products is formed with Ti0 2 , hema- 
tite (a-Fe 2 0 3 ), or mixed oxides thereof. But other 
oxides and inorganic colorants are used to form layers 
on mica as well: green Cr 2 0 3 , 51 black Fe 3 0 4 , 69 ferric 
ferrocyanide (iron blue), 70 cobalt blue, silver white 
bismuth oxychloride, 71 Sn0 2 , ZnO, 72 and Zr0 2 . 66 

Coatings of black SiO*C y , 73 deeply colored oxide 
bronzes (wolframates, molybdates), 74 yellow bismuth 
vanadate, 75 and metal sulfides 76 have also been 
reported; however, there are no commercially avail- 
able products yet. 

The mica substrate acts as a template for the 
synthesis and as a mechanical support of the thin 
optical layer. For nearly all commercial products, 
muscovite mica is used because the raw material is 
easily available and can be cleaved to thin platelets 
of high aspect ratio. However, natural mica contains 
small amounts of iron (1-2% Fe 2 0 3 ) which cause the 
slightly yellow mass tone seen in high pigment 
concentrations. Therefore, a few products have been 
developed that are based on synthetic fluorophlogo- 
pite, 77 which does not have iron impurities but is 
more expensive than natural muscovite. On the other 
hand, there are also some products based on natural 
phlogopite, which is darker than muscovite. 

Recently, multilayer oxide coatings have been 
developed based on a mica substrate. These products 
have an alternate order of high-refractive and low- 
refractive oxides precipitated onto mica. The low- 
refractive oxide layer consists of Si0 2 and/or AI2O3. 
Its thickness is normally adjusted in a way that the 
layer becomes optically active. 78 Figure 9 shows the 
stronger reflectivity of such a multilayer pigment 
that consists of mica coated with- 160 nm of anatase- 
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Ti0 2 , 85 nm of Si0 2 , and 160 nm of anatase-Ti0 2 
compared to the conventional green interference mica 
pigment with one layer of 160 nm of anatase-Ti0 2 . 
When a thin not optically active layer is precipitated, 
the grain growth of the main oxide layer is started 
again and a coloristical improvement is observed. 79 
Today Ti0 2 -coated mica is obtained using the 
following chloride process: TiOCl 2 solution is slowly 
added to a mica platelet suspension at a pH value of 
about 2 and temperatures of 60-90 °C. The reactor 
geometry and mixing conditions have to be carefully 
controlled. Using this titration process, the oxide 
layer thickness can be well adjusted to yield defined 
interference colors, as seen in Figures 8 and 9. An 
alternative process uses titanium oxysulfate: A 
suspension of mica platelets in a TiOS0 4 solution is 
heated to undergo a thermal hydrolysis. 66 This proc- 
ess does not allow a precise adjustment of the layer 
thickness and also shows no significant economic 
advantages over the chloride procedure. It is, there- 
fore, only used for the generation of thinner silver- 
white Ti0 2 layers, whereas the titanium oxysulfate 
as a raw material is more available than the chloride. 

When Ti0 2 is precipitated onto muscovite under 
reaction conditions unfavorable for side precipitation, 
e.g., pH >1.5, only the anatase modification is 
formed. Even after annealing at 1000 °C, no rutiliza- 
tion is found in the layer, whereas the free titania 
turns completely into rutile at about 700 °C. 80 When 
the less usual substrate phlogopite is used instead 
of muscovite, a partial conversion to rutile is observed 
above 850 °C. Eskelinen sees the reason for this 
difference in a migration of Al ions from the mica into 
the anatase layer, which then inhibits the phase 
transition. 81 " 85 But the anatase modification is also 
solely found below 1000 °C, if aluminum-free Si0 2 
or alumina itself is used as a substrate instead of 
mica. The most probable explanation is a consider- 
able constraint in the film which counteracts the 
volume contraction during rutilization and delays the 
phase transition. 80 * 86 

The anatase layers on mica show a preferred 
crystal orientation when they are very thin, 81 - 86 e.g., 
<40 nm. The upper layers then lose the preference. 
It is also known that uncalcined layers show a 
deviation from the lattice parameters of bulk anatase, 
which diminishes after calcination. 86 Both observa- 
tions support a template effect of the muscovite 
substrate. 

Rutile has a higher refractive index and, therefore, 
yields a stronger pearlescence than anatase, 87 see 
section II and Table 1. Therefore, processes have been 
developed to create a rutile layer onto mica: A thin 
layer (about 1 wt %) of Sn0 2 is precipitated as a 
continuous layer onto the substrate, and then the 
Ti0 2 layer is created using the usual process. SnC^ 88 
or better SnCU 89 can be used as precursors for the 
Sn0 2 precoating. Sn0 2 acts as a template because its 
lattice parameters a = 4.737 and c = 3.186 are close 
to those of rutile, a = 4.593 and c = ^.958. 90 " Instead 
of the colorless Sn0 2 (which is restricted for the use 
in cosmetics in Japan), Fe 2 0 3 can be used to create 
rutile-mica pigments. 91 . However, the necessary 
amount of iron oxide creates a yellowish mass tone 
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of the resulting pigment. The rutile layers on mica 
show a little larger preference in the crystal orienta- 
tion than anatase. 86 

The desired interference color determines the 
thickness of the titania layer. This relation can be 
calculated using the equations mentioned above. 5 For 

; a silver white pigment 50 nm of anatase is needed 

! and for a blue interference color about 120 nm. 

[ However, these published values are calculated un- 
der the assumption of dense layers and are not taking 

, the porosity for which a correction could be applied 

; using eq 18 into account. 

! The titania in these layers can be reduced to dark- 
j colored titanium suboxides using NH 3 , 92 carbon, 
: metals, or metal hydrides 93 as reducing agents. The 
j- titanium suboxides are usually accompanied by oxy- 
1 nitrides when NH3 is used. 92 

The titania layers can be doped with carbon black 94 
! or organic dyes. They can also be coated with thin 
; layers 95 or dots of metals to create a darker mass tone 
! (with silver, 96 nickel, 97 or mixtures of various met- 
; als 98 ). 

j Hematite coatings on mica are usually generated 
; from two different precursors. Solid iron (II) sulfate 
can be added to a suspension of mica platelets at 
! temperatures above 60 °C. A better control of the 
coating layer quality is found when FeCl^ solution is 
slowly titrated to a mica suspension 86 - 99 in a way very 
similar to the titanium oxychloride titration men- 
tioned above. The mica platelets can be optionally 
j precoated with a thin layer of titania. 

The resulting dried iron oxide layer consists of 
hematite (a-Fe 2 0 3 ) and sometimes minor amounts of 
goethite (FeO(OH)). It is formed as nanocrystallites 
of 20-40 nm diameter which show a strongly prefer- 
ence of crystal orientation due to a template effect of 
the muscovite. 86 During annealing at temperatures 
of 700-900 °C, the grainy layer structure sinters to 
a less porous glasslike cryst allin e plate. 86 Doping 
i with a borate or phosphate can prevent this sintering. 
' The layer thickness is about 75 nm for a bronze and 
: 85 nm for a red color. As mentioned in section II.D, 
■ the interference color as well as the mass tone of 
these light- absorbing layers are a function of the 
, layer thickness. 

Layers of golden Fe 2 Ti05 (pseudobrookite) 100 are 
formed if stoichiometric amounts of Fe203 and Ti02 
are precipitated one after another onto mica and then 
calcined above 800 °C. A coprecipitation reduces the 
temperature for the conversion to pseudobrookite to 
some extent. If a mixed iro n oxide/titania layer is 
calcined under a reducing Sm^Bh^e^^^r^gxa^L, 
FefT0 3 ( ilmenite) lor is^t a5ne£ ' 

2. Coatings onto Si0 2 Flakes 

Instead of mica, Si02 flakes can be used as a 
substrate for pearlescent pigments. 102 The Si0 2 flakes 
are produced by a web-coating process. 45 Synthetic 
Si0 2 flakes offer three advantages over the use of 
natural mica: (1) the thickness of the Si0 2 substrate 
can be controlled in the preparation so that at the 
end a pigment with a true optical three-layer system 
is obtained; the interference color of those systems 
is . stronger than for the conventional mica pigments 



for which the effect of the mica is "wiped out" by a 
broad thickness distribution; (2) as synthetic sub- 
strates they do not have the small iron impurities 
that cause slightly yellow mass tone of natural mica; 
(3) Si02 has a lower refractive index (1.46) than mica 
(about 1.58) and, therefore, leads to a stronger 
interference effect. 

Si0 2 flakes have higher production costs than for 
mica due to the large area and high rotation speeds 
needed in the web coating. SUverw^£4U^msilL§re 
only^jiccessible byjtiuri^ 

substraTelEicIEnesses. The reason lies in the optical 
tefe^ay^ is found when all substrate 

particles have the same thickness. 1 As a coating, the 
same oxides and colorants can be used as for mica 
substrates. Commercially available glass flakes can 
be coated with metal oxides as well. 103 However, 
these flakes are generally too thick for an optical 
three-layer system with a strong reflection. 

Multilayer oxide coatings have been created on the 
base of SiC>2 substrates. 78 They show even stronger 
and clearer interference colors than the mica-based 
multilayer pigments due to the fact that the substrate 
becomes part of the optical system. At the present 
time, pigments based on Si0 2 flakes are at the 
beginning of their commercialization. 

3. Coatings onto AI2O3 Flakes 

Thin A1 2 C>3 flakes can be obtained by applying an 
alumina sol on a smooth surface and scratching off 
the resulting film. 47 However, this process can hardly 
be used for an industrial production. Thin hexagonal 
monocrystalline A1 2 0 3 flaies can also be produced by 
hydrothermal processes. The thickness of the result- 
ing flakes is not uniform. Therefore, the resulting 
coated pigments merely assume a dull pearlescence. 

AI2O3 flakes of a higher quality are produced by 
the following steps: 104 An aqueous solution of an 
aluminum salt is mixed with small quantities of a 
titanium salt and phosphate. After neutralization, a 
sol or suspension is obtained, which is then dried and 
heated to 900-1400 °C. After washing, very thin 
flakes are found which consist of corundum and show 
a high aspect ratio, a very narrow thickness distribu- 
tion, and very smooth surfaces. The thickness can be 
controlled by the doping and reaction conditions. The 
resulting flakes are used as substrates in the aque- 
ous-phase processes described above to prepare pearl- 
escent pigments of very high luster. The advantage 
over the mica substrate lies mainly in the fact that 
all AI2O3 flakes have about the same thickness, which 
leads to true optical three-layer systems as for the 
Si0 2 flakes. 

4. Coatings onto Other Flaky Substrates 

Flaky barium sulfate can be used as a substrate 
in the preparation of UV-absorbing pearlescent pig- 
ments. 105 It can be coated with UV-absorbing zinc 
oxide and optional Ti0 2 and cerium oxide compo- 
nents. The main use of these materials is in cosmet- 
ics. Titanium dioxide flakes can be used as pigments 
themself, see above, but can also be coated with metal 
oxides 106 ar multiple layers of oxides. 107 Because of 
their tendency for hydrolysis and corrosion, it is 
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difficult to coat metal flakes in the liquid phase All 
reasonable attempts were made using organometamc 
compounds in nonaqueous or wet organic solvents. 
For example, titanium flakes can be coated with nu 2 
using the well-established sol-gel process based on 
TUOEtU. 108 Aluminum flakes have been coated witn 
a Zr0 2 layer that was doped with cobalt and iron to 
create a mass tone. 109 The surface of aluminum flakes 
can be oxidized in aqueous media, and the resulting 
aluminum oxide layer is used as an absorbent tor 
organic and inorganic colorants. 110 

V. Pigments and Films Based on Dichroism 

Interference and angle-dependent color effects can 
also be achieved by layers or particles based on liquid 
crystal polymers (LCP). 111 Such effects can, for 
example, be produced by small plate-like substances 
which consist of a LCP material itself or by small 
platelets which are uniformly coated with a cross- 
linked liquid crystalline polymer in a chiral-nematic 
arrangement. 112 

Liquid crystals are organic compounds in a state 
of matter intermediate between that of an isotropic 
liquid and an anisotropic crystalline solid. Most 
liquid crystalline molecules are markedly elongated 
and rod like. In nematic liquid crystalline materials, 
the direction of the long molecular axes (director) is 
arranged parallel to each other. Adding a choral 
molecule to a nematic phase causes a superstructure 
comparable to the steps of a spiral staircase. The 
structure can be understood as being composed ol 
nematic layers having the director rotated by a 
certain angle with respect to an adjacent layer, 
eventually building up a helical array (Figure 10). 
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Figure 10. Scheme of a liquid crystal film. 

The thickness of a 360° turn of the director represents 
the pitch length p of the helix. 111 The color design of 
LCP pigments in paint films or of pure LCP tOrns 
has its origin in an interference phenomenon. ■ 
In this case, only incident light with a wavelength 
equal to the LCP lattice separation interferes and is 
reflected. 

Due to'the change of refractive index from layer to 
layer, the helical structure gives rise to mterference 
effects (Figure 11). When white light is incident 
normally on a film or an oriented arrangement ot 
platelet-like particles of a cholesteric material with 
the helical axis perpendicular to the substrate, selec- 
tive reflection of a finite wavelength band occurs 
similar to Bragg X-ray reflection. The reflected band 




Figure 11. Chiral cholesteric (nematic) liquid crystal 
structure. The dotted line shows a helical path within the 
medium. Pitch length p = 360" rotation. 

is centered about a wavelength l 0 , which is related 
to the helical pitch length p of the phase and its 
average refractive index n by l„ - np. ■ _ 

On the other hand, a structure which has a helical 
superstructure with no change in the refractive index 
can also reflect light just like cholesteric phases. 11 
In this case, it is not so much a change in the 
refractive index that gives rise to the optical effect 
but rather the superstructure. 

The reflected light is circularly polarized with the 
same sense of polarization as the helical sense of the 
liquid crystal phase. Light circularly polarized in the 
opposite manner is transmitted through the sample 
together with those wavelengths of light not being 
reflected. Light experiences a double refraction as a 
result of the anisotropy of the system. The bandwidth 
AA of the selectively reflected band is described by 
the relation AA = pA*. The angular dependence^ 
an incident and observed angle 0 is given by A e - Ao 

cos 0. , , 

The reflected light waves from the layers increase 
the intensity of the total reflection. The maximum 
reflectivity of one polarization state requires at least 
6 helices or a thickness of about 3 nm. ni The most 
efficient reflection is given by layers with a thickness 

of up to 10 /an. 

Cholesteric materials are temperature sensitive 
and show a thermochromic effect. The reason for this 
is that the pitch length of the helix and the refractive 
index are temperature dependent. 1 • • 

Liquid crystal polymer films are transparent to 
visible light, including in the form of platelets and 
coatings on substrates dispersed in a transparent 
paint film. These films need to be deposited on a dark 
substrate or in an effect lacquer with a dark base 
coating. Light is transmitted through the liquid 
crystal polymer, but some wavelengths areabsorbed 
by the dark substrate or base coating. The liquid 
crystal polymer will be aligned parallel to the sub- 
strate, either as a film coating or on the interference 
pigment platelets within the paint film. This will 
then show a particular color in the orthogonal view 
and another color when observed at an angle. Such 
angle-dependent color phenomena give a very strik- 
ing effect, which is of great interest for security 
applications. Paint coatings incorporating such pig- 
ments must be constructed of several layers with the 
liquid crystal materials in one of the inner layers 
only. 

A number of this type of interference pigments are 
based on polysiloxanes. They are formed first as a 
thin cross-linked film of liquid crystalline polymers 
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which are then ground to small platelets. The inter- 
ference pigments themselves are colorless and trans- 
parent. The color effect is based on the regular 
structure and on the uniform arrangement of the 
liquid crystalline molecules. This gives rise to the 
! reflection and subsequently interference with light 

■ of a particular wavelength. The other parts of the 

■ light go through the pigment particles. Very interest- 
! ing color effects are possible based on these optical 
! principles. 

j Liquid crystal polymers are side chain polymers 
j which are usually prepared in a procedure, employing 
I the coupling of a H-siloxane main chain with co- 
j alkenyl bearing mesogenic groups via catalytic hy- 
' drosilylation. 116 There is an extension of this concept 
j to different geometric and chemical classes of back- 
| bone siloxanes, i.e M linear, 117 cyclic, 118 ' 119 and cage- 
like siloxanes. 120 Siloxanes with a great variety of 
substituents are used. 121 

For use as optical films or individual pigment 
! particles, liquid crystalline materials are required 
; which are stable within a suitable temperature 
| range. Thermotropic materials can, therefore, not be 
! used for this purpose. The problem of obtaining 
; mesomorphic structures over a broad temperature 
range can be overcome in two special ways. First, it 
is possible to fix the structure in the glassy state, thus 
requiring a high T gJ or second by cross-linking. 
Chemical cross-linking is generally done photochemi- 
cally; this leads to a fast polymerization. Contrary 
to thermal cross-linking, a wide choice of cross- 
linking temperatures is possible. 

Liquid crystalline siloxanes are limited with re- 
spect to the glass transition in comparison to other 
backbone systems, such as poly(meth)acrylates. Glass 
transition temperatures of up to 80 °C can be 
achieved, 121 but there is a limit for the variations of 
the mesogenic groups. Therefore, cross-linking is the 
preferred method. The presence of at least some 
polymerizable moieties within the side chain groups 
is necessary. Typical examples for these groups are 
epoxides, cinnamates, or methacrylates. 

To obtain cholesteric films with good optical prop- 
erties, the cross- link able siloxanes must have a low 
viscosity. Small molecules containing 3— 10 siloxane 
units are preferred. Cyclic siloxanes as well as linear 
siloxanes can be used. 

There are two ways to introduce the cross-linking 
moiety to a siloxane backbone: 116 One possibility is 
to couple an OH-protected unit to the siloxane chain 
followed by methacrylation of the deprotected OH 
groups. 122 Another way is to directly couple the 
methacrylate-bearing unit to the siloxane backbone 
chain. 123 The second way should be feasible at least 
for small and medium-sized siloxanes, as the reac- 
tivities of cy-alkenes and methacrylates toward hy- 
drosilylation differ by a factor of at least 10, thus 
minimiz ing premature cross-links via hydrosilylation. 

The reflection wavelength of liquid crystalline 
layers or particles can be tuned in the region from 
390 to 670 nm by mixing suitable cholesteric liquid 
crystal compounds. The wavelength of reflection 7 T 
is inversely proportional to the concentration of chiral 
component, yielding the following equation 116 



Y = C0I1St ' C Chiral 

i T 



(19) 



Cchirai is the concentration of the chiral component 
in the mixture. In some cases, more than one chiral 
component is used, e.g., C\ and C2. Therefore, the 
relation 



Cchirai = *C X + (1 - X)C 2 



(20) 



is used, where x is the fraction of Ci in the mix ture. 
Combining eqs 19 and 20 leads to the relation 
between the wavelength of reflection and the fraction 
Ci in the mixture 116 



T ax + b 



(21) 



The coefficients a and b must be determined and then 
compared with the experimental data. J T is dependent 
on the curing temperature. When cross-linkable 
cholesteric liquid crystalline siloxanes are cured, two 
things happen to the helical pitch: It reduces the 
helical pitch by about 2% due to shrinkage of the 
material during the curing process, and it becomes 
fixed to this value. Depending upon the temperature 
of curing, the reflection wavelength can vary, for 
example in the red, green, or blue region. 

After curing, the It becomes virtually independent 
of temperature up to 140 °C. A very small residual 
increase Gess than 0.2 nm/K) can be attributed to the 
thermal expansion of the cured polymer. 

Several applications were developed to take ad- 
vantage of the specific properties of the cross-linkable 
cholesteric liquid crystalline siloxanes. For example, 
optical filters can be made of cross-linkable and 
noncrosslinkable liquid crystalline siloxanes. 124 ' 125 
Another application is the use of glassy cholesteric 
materials as meltable paints. 111 

Liquid crystalline polysiloxanes are also suitable 
for optical write-once storage. 126 A high contrast in 
reflectivity for data storage is obtained with these 
materials at wavelength and energies which can be 
supplied by commercially available semiconductor 
lasers. 

On the other hand, small, insoluble platelets can 
be used as iridescent pigments. 127,128 Such platelets 
can be suspended in inorganic and organic media, 
especially lacquers. The spray technique is mostly 
used for the application in paint films. The color 
effects are very strong if black substrates are used 
to ensure the absorption of the transmitted light. 
Very interesting colors can be obtained when com- 
bined with other effect pigments or in mixtures with 
conventional pigments. 129 

Interference pigments based on liquid crystalline 
materials are prepared by a doctor-blade coating of 
the polymers in the liquid or liquid crystalline state 
on an even surface. The doctor-blade process leads 
to a thin film wherein a homogeneous orientation of 
the molecules takes place. It is only after this 
orientation process that the film shows an interfer- 
ence color. The films are then cured and crushed by 
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special techniques to yield platelets of liquid crystal- 
line polymers showing interference effects. 

VI. Pigments and Films Based on Holography 
and Gratings 

Holography, as a field of optical science in which 
wave fronts are recorded, stored, and recovered, can 
be described as the technique of using diffraction to 
transform one wave front into a second in a pre- 
scribed manner. 130 A hologram is generally a two- 
dimensional mask which contains structures with 
details on the order of the wavelength of the trans- 
formed wave front. The technique of holography may 
be applied in the entire spectrum of electromagnetic 
waves (visible, infrared, ultraviolet, X-ray) and non- 
electromagnetic waves (acoustic waves, matter waves 
such as electrons). ^ 

Mass replication of holograms is commonly ac- 
complished through the embossing of clear or reflec- 
tive films. 130 * 131 During a typical embossing process, 
a master hologram is recorded in a photoresist which, 
upon development, exhibits a surface relief mapped 
from the intensity distribution of the holographic 
interference pattern. The photoresist master is then 
copied onto a metal stamping master. The stamping 
master is then heated and pressed in contact with a 
thermoplastic material, which is then separated from 
the stamping master and contains a replication of the 
original hologram structure. Injection molding is used 
as an alternative. Thousands of impressions may be 
produced from one stamping master, and the result- 
ant embossed plastic holograms may be reconstructed 
in transmission or reflection. In the latter case, the 
plastic is usually coated with aluminum to enhance 
diffraction efficiency. 130 

Holograms can perform the functions of basic 
optical elements, e.g., holographic diffraction grat- 
ings, holographic multilayer mirrors, diffractive lenses, 
chirped holograms as scanners, etc. 130,132 Diffraction 
patterns and embossments, and the related field of 
holograms, have begun to find wide-ranging practical 
applications due to their aesthetic and utilitarian 
visual effects. In recent times, the diffraction grating 
technology has been employed in the formation of 
.two-dimensional holographic images which create the 
illusion of a three-dimensional image to an observer. 
This holographic image technology can be used for 
the manufacture of very attractive displays. The 
concept of using holographic images to discourage 
counterfeiting has meanwhile found wide application. 

The holographic exposure may consist of the in- 
terference pattern produced between two plane waves, 
where the period A along the surface of the grating 
is controlled by the exposing wavelength A and the 
angles, 9\ and 0 2 , which plane waves subtend with 
respect to the surface normal. 130 These parameters 
are connected by the equation 



At the beginning, diffraction gratings were formed 
by scribing closely and uniformly spaced lines on 
polished metal surfaces using special "ruling en- 




Figure 12, SEM picture of a holographic film made by 
aluminum metal deposition on a polymer film to be used 
for the production of holographic pigments. The average 
distance between the peaks of the structures is about 800 
nm. 



gines". 133 Subsequently, techniques were developed 
to reproduce a master diffraction grating by shaping 
a moldable material against the master diffraction 
grating surface. The development has led to a tech- 
nology where thermoplastic films are embossed by 
heat softening the surface of the film and then 
passing them through embossing rollers which im- 
part the diffraction grating or holographic image onto 
the softened surface. Sheets of effectively unlimited 
length can so be decorated with the diffraction 
grating or holographic image on a surface. The 
decorated surface of polymers is sometimes suf- 
ficiently reflective that there is an optical effect from 
the diffraction grating already without further proc- 
essing, because the incident light is reflected by the 
facets of the decorated surface. 133 The full optical 
effects, however, require metallizing of the embossed 
polymer surface. 

Diffraction gratings manufactured in this manner 
are free from so-called "ghosts" caused by systematic 
ruling errors. They can be produced rapidly with a 
large aperture. Further, holographic diffraction pat- 
terns and embossments can be recorded throughout 
a volume recording material rather than as a surface 
modulation. Such volume holograms can be recorded 
as transmission or multilayer reflection gratings. 130 
In the former case, they can exhibit peak diffraction 
efficiencies near unity and spectral bandwidths of 400 
nm. 134 Holographic multilayers can be applied as 
notch filters with bandwidths on the order of 10 nm 
and efficiencies of 99.99%. 

Grinding of holographic films, when done in a 
suitable manner, can lead to small holographic 
particles. These so-called holographic or hologram 
pigments are relatively new materials for attaining 
special optical effects in different application me- 
^ a I33.i35.i36 a structure of a holographic pigment 
particle is shown in Figure 12. Generally, any holo- 
gram base material on which an interference band 
corresponding to the wave face of light from a 
substance is formed as a hologram image may 
satisfactorily be used with no specific limitation for 
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the production of holographic flake pigments. 135 For 
practical use, holographic mirrors are preferred for 
the manufacture of those pigments. A holographic 
mirror is the simplest reflection hologram. It can be 
created by splitting a laser beam and recombining 
the beams at a photosensitive layer on the thermo- 
plastic film (two-beam method). 136 Alternatively, it 
can be created by projecting a laser beam through 
the photosensitive layer onto a mirror (single-beam 
! method). 

• Holographic flake pigments frequently have a 
band-center wavelength of about 380—1100 nm and 
;an effective bandwidth of about 10-200 nm. 136 The 
Ipigment particles have a thickness of about 1—100 
fim, an average diameter of about 10—300 pm, and a 
thickness-to-diameter ratio from about 1:2 to about 
j 1:60. 136 Holograms can be converted to pigment 
: particles of the desired size by any conventional 
I means, such as grinding, ball milling, attritor grind- 
| ing, or two-roll milling. One possibility that can be 
j used is to cool the hologram below its glass transition 
! temperature, for example in liquid nitrogen, before 
! grinding. It is also possible to grind the hologram in 
| cold water, such as ice water. As an alternative, the 
j grinding equipment can be refrigerated to cool the 
hologram to below its glass transition temperature. 

Holographic flake pigments are useful for the 
preparation of decorative coatings that can be used 
to emphasize the lines and contours of a three- 
dimensional surface. They can also be used for the 
preparation of exterior finishes for automobiles. 
Another possibility is the application in molded 
plastics to provide a decorative appearance, e.g., in 
tiles. 

VII. Pigments Formed by Grinding a Film 

Optical coatings that shift color with viewing angle 
have been adapted into optically variable films, 
pigments, and inks during the last years. These 
coatings are based frequently on metal-dielectric 
| multilayer thin structures having large color shifts 
j with angle, high chroma, a large color gamut, and 
| light fastness. 

j Different colors are produced by precisely control- 
I ling the thickness of the multilayers in the coating's 
i structure. To maintain tight color tolerance, the layer 
i thickness must be controlled to within a few atoms. 
The schematic of the light interference multilayer 
structure is shown in Figure 3. 

The metal layers frequently consist of chromium 
(semitransparent absorber metal) or aluminum 
(opaque reflector metal). Silicon dioxide or magne- 
sium fluoride are the materials mostly used for the 
dielectric layers. In the case of pigment particles, 
there is a symmetrical arrangement of the layers, as 
shown in Figure 13, whereas optical coatings can also 
consist of a system of unsymmetrical layers. All these 
arrangements are the basis for an optical phenom- 
enon called the Fabry-Perot effect. 

Such multilayer interference configurations filter 
the spectrum into a sequence of high-reflectance 
regions surrounded by low-reflectance regions and 
thus lend themselves, in principle, to high-purity 
color production. The detailed spectral characteristics 
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Figure 13. Scheme of the design of optically variable 
pigments (OVP). 

can be widely controlled by controlling the specific 
design parameters. The metal-dielectric multilayer 
systems consist of a structure which can be written 
in the form (Mi - oDJ 1 - M<l> where M\ and M 2 are 
the metal components (generally different), D repre- 
sents a dielectric layer, a is the unit of quarterwave 
optical thickness of the dielectric layer, and q is the 
number of periods in the stack. 137 There are many 
variations which are obtainable within this frame- 
work by varying parameters, such as refractive index, 
thickness ratios, number of periods, etc. Additionally, 
a number of variations and extensions of the designs 
can be obtained by using multicomponent periods, 
altering the period makeup to consider symmetrical 
periods, etc. 

The metal-dielectric stack, in its simplest form of 
a three-layer combination can be regarded as a 
Fabry-Perot reflection- type interference filter. 137 
Such a design will be of the form Mi — oD - M 2 , 
where M 2 is a highly reflecting, essentially opaque 
metal layer and M\ is a rather thin metal film with 
high absorption properties. A sequence of high- and 
low-reflectance wavelength regions can be realized 
corresponding closely to the conditions that give rise 
to the nodes and antinodes of the standing wave 
electric field established by the reflector M 2 . In the 
vicinity of an antinode wavelength position, where 
the electric field intensity is a maximum, induced 
absorption can be shown to occur in the thin metal 
layer M\ resulting in a low reflectance. At a node 
position, Mi has little effect on the reflectance of M2 
and the overall reflectance remains high. The sepa- 
rations between the node and the antinode wave- 
length locations and thus between the low- and high- 
reflecting regions correspond to quarterware optical 
thickness changes in the dielectric layer D. The basic 
reflectance profile for the three-layer metal-dielectric 
design as described here will be essentially retained 
in design employing additional periods of (Mi - 

OLD). 137 

For obtaining optimum performance in optically 
variable articles using a metal-dielectric design, one 
would take for M2 the highest reflecting metal 
consistent with overall good durability properties, for 
D the lowest usable refractive index material, and 
for Mi a metal with high absorption properties. High 
potential absorption properties occur for metals with 
a high product n-k (n refractive index, k absorption 
coefficient). For example, instead of using chromium 
for the semitransparent absorber metal layers M u 
materials such as nickel and Inconel could also be 
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Figure 14, Scheme of the production of optically variable 
utilized. Instead of silicon dioxide or magnesium 
fluoride for the dielectric layers D, materials such as 
aluminum oxide or indium oxide could also be used. 
Finally, instead of aluminum as the opaque reflector 
metal, layer materials such as gold, copper, and silver 
could be used for this purpose. 138 

In the foregoing discussions, it has been already 
described that for flaky pigment particles, a sym- 
metrical arrangement of the layers is necessary. A 
minimum of five layers and for some optical purposes 
more may be required. The need for many layers 
tends to make such a design relatively impractical 
in any high-volume coating production. Therefore, for 
practical use, only the five-layer arrangement plays 
a role. 

The pigment flakes can typically be manufactured 
sequentially in a series of specialized roll-coating 
machines. 139 In the first machine a carrier film, the 
so-called release layer, is deposited on a moving 
polymer web (transfer foil). This release layer is 
soluble in organic solvents to remove the later formed 
multilayer film from the web at the end of the 
process. After depositing this release layer, the 
transfer foil is placed in a vacuum deposition roll 
coater and the first metal layer (e.g., chromium) as 
the semitransparent absorber metal is deposited 
followed by the first dielectric layer (e.g., magnesium 
fluoride) and the opaque metal layer (e.g., chromium). 
The second dielectric layer and the second semitrans- 
parent absorber metal layer follow by the same 
deposition process. After this symmetrical multilayer 
interference coating has been deposited, the coated 
foil is removed from the vacuum chamber. In a next 
step, the formed thin multilayer film is removed from 
the supporting transfer foil by dissolving the release 
layer. The transformation into pigment particles is 
done by grinding the removed part of the film into 
small platelets which show now pigment dimensions 
(thickness of 0.2-2 /mi, diameter 1-100 /an). The 
whole process is shown schematically in Figure 14. 

Besides the here described metal-dielectric multi- 
layer pigments, there is also another group of color- 



Vacuum coating with 
electron gun 




Coating removal 

pigments (OVP). 

shifting pigment called all-dielectric thin-film pig- 
ments. 140 ' 141 The optical effects are partially different 
because of the transparency of these multilayer 
structures without metal layers. Both color-shifting 
pigment types, the metal-dielectric as well as the all- 
dielectric thin-film designs, can be used for several 
applications and are on the market as so-called 
optically variable pigments (OVP). 141 Such pigments 
can be applied in automotive paints, plastics, and 
packaging, mostly as color-shifting optical coatings. 
A broad application field has been found for preven- 
tion of counterfeiting of valued documents such as 
bank notes, stock certificates, visas, passports, or car 
licenses. 141 - 142 The pigments, when incorporated into 
security inks and printed onto bank notes and other 
documents of value, are effective against color copy- 
ing by printers, copiers, or cameras and unauthorized 
lithographic reproduction. 

VIII. Concluding Remarks 

Angle-dependent optical effects are broadly used 
in industrial products. The effects are achieved using 
different techniques. Some of them are just at the 
beginning of their commercialization, such as the 
liquid crystal applications and the new substrates for 
oxide layers. Although the optical physics background 
of thin extended layers is mostly understood, there 
are hardly any attempts to incorporate the particle 
characteristics of pigments into the calculations. Also, 
the coating processes and the constrained sintering 
of thin oxide layers still wait for a thorough investi- 
gation. 

IX. List of Abbreviations 

a = relative proportion of pores filled with said material 

6 = phase difference angle 

A 0 = amplitude of incident light 

Gchirai = concentration of the chiral component 

CVD = chemical vapor deposition 

J 0 = intensity of incident light 

7 r = intensity of reflected light 



Angle-Dependent Optical Effects 



Chemical Reviews, 1999, Vol. 99, No. 7 1979 



, I t = intensity of transmitted light 
LCP = liquid crystal polymers 
rtoi n\ = refractive indices 
/if = refractive index of film 
n-Di rtm = refractive index of bulk 
n w = refractive index of material filling the pores 
OVP = optically variable pigment 
P = film packing density 
p - helical pitch length 
PVD = physical vapor deposition 

rp, rs = amplitudes of reflected electromagnetic waves 
fit fit r z — amplitudes of reflected electromagnetic waves 
from multiple reflections 

R f R?, R$ = intensities of reflected electromagnetic waves 
Ru #2, Rz — intensities of reflected electromagnetic waves 
from multiple reflections 

*ii *2, h — amplitudes of transmitted electromagnetic waves 
| from multiple reflections 
I T g = glass transition point (of Liquid crystals) 
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(57) ABSTRACT 

The present invention relates to silver-colored luster pig- 
ments based on multiply coated platelet-shaped substrates, 
which has at least one layer sequence of Ti0 2 , a colorless 
coating and another 110 2 layer. The pigment can optionally 
have an outer protective layer. These luster pigments are 
useful and to the use thereof in paints, coatings, printing 
inks, including security printing inks, plastics, ceramic 
materials, glasses, cosmetic formulations and for producing 
pigment preparations and dry product forms such as gran- 
ules, chips, pellets and briquettes. 
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SILVER-COLORED LUSTER PIGMENT 

[0001] The present invention relates to silver-colored lus- 
ter pigments based on multiply coated platelet-shaped sub- 
strates. 

[0002] Luster or effect pigments are widely used in indus- 
try, especially in automotive coatings, decorative coatings, 
plastic, paints, printing inks and cosmetic formulations. 

[0003] Luster pigments with an angle-dependent color 
change between a number of interference colors exhibit a 
color interplay which makes them particularly useful for 
automotive coalings and anti-counterfeit applications. 

[0004] The prior art discloses processes for preparing 
pearl luster pigments whereby alternating layers of high and 
low refractive index can be applied to finely divided sub- 
strates. Such pigments based on multiply coated platelet- 
shaped substrates arc known for example from U.S. Pat. No. 
4,434,010, JP H7-759, U.S. Pat. No. 3,438,796, U.S. Pat. 
No. 5,135,812, DE 44 05 494, DE 44 37 753, DE 195 16 181 
and DE 195 15 988. 

[0005] Of particular importance in this context are min- 
eral-based pearl luster pigments. Pearl luster pigments are 
prepared by coating an inorganic platelet-shaped support 
with a high refractive, usually oxidic layer. The color of 
these pigments is caused by wavelength-selective partial 
reflection and interference of the reflected or transmitted 
light at the medium/oxide or oxide/substrate boundaries. 

[0006] The interference color of these pigments is deter- 
mined by the thickness of the oxide layer. The hue of an 
interference silver pigment is created by a single (in the 
optical sense) high refractive layer whose optical thickness 
gives rise to a reflection maximum (1st order) at about 500 
nm in the visible wavelength range. The wavelength of 
about 500 nm is perceived by the human eye as the color 
green. However, the intensity curve of this maximum along 
its wavelength axis is so broad that so much light is reflected 
in the entire visible-light region that what the human eye 
sees is very bright but colorless. 

[0007] One familiar with the optics of thin layers, particu- 
larly with the coating of optical components, would predict 
that the intensity at the interference maximum would 
increase by about 60% compared with the monolayer sys- 
tem. The profile of the light reflected by interference would 
accordingly become significantly more pronounced, so that 
such a multilayered system would be expected to have a 
green reflection color. 

[0008] It has now been found that, surprisingly, an actual 
interference system in the form of alternating high refractive 
layers of Ti0 2 and low refractive layers on a transparent 
substrate platelet is perceived not as green but as silvery at 
certain layer thicknesses. 

[0009] The present invention accordingly provides silver- 
colored luster pigments based on multiply coated platelet- 
shaped substrates, comprising at least one layer sequence of 

[0010] (A) a high refractive coating consisting of 
Ti0 2 and having a thickness of 5-200 nm, 

[0011] (B) a colorless coating having a refractive 
index n <1.8 and a thickness of 10-300 nm, 



[0012] (C) a high refractive coating consisting of 
TiO z and having a thickness of 5-200 nm, and option- 
ally 

[0013] (D) an outer, protective layer. 

[0014] The silver pigments according to the invention are 
superior to existing pearl luster pigments in the silver region 
because of 

[0015] a stronger, particularly metallic luster at steep 
viewing angles 

[0016] a higher transparency at flat viewing angles and 

[0017] a lighter masstone color. 

[0018] The invention further provides for the use of the 
silver pigments according to the invention in paints, coat- 
ings, plastics, ceramic materials, glasses, cosmetic formu- 
lations, and especially in printing inks. The pigments 
according to the invention are also useful for preparing 
pigment formulations and also for preparing dry product 
forms, for example granules, chips, pellets, briquettes, etc. 
The dry product forms are useful for printing inks in 
particular. 

[0019] Useful base substrates for the multilayer pigments 
according to the invention are selectively or nonselec lively 
absorbing platelet-shaped substrates. Preferred substrates 
are sheet-silicates. Particularly useful are natural and/or 
synthetic mica, talc, kaolin, platelet-shaped iron or alu- 
minium oxides, glass platelets, Si0 2 platelets, A1 2 0 3 plate- 
lets, Ti0 2 platelets, graphite platelets, synthetic support-free 
platelets, titanium nitride, titanium silicide, liquid crystal 
polymers (LCPs), holographic pigments, BiOCl, platelet- 
shaped mixed oxides, for example FeTi0 3 , Fe 2 TiO s , or other 
comparable materials. 

[0020] The size of the base substrates is not critical per se 
and can be adapted to the particular end use. In general, the 
platelet-shaped substrates are between 0.005 and 10 /<m, 
preferably between 0.05 and 5/«n, in thickness. In the other 
two dimensions; i.e., in length and in width, the platelet- 
shaped substrates extend, independently in each of said 
other two dimensions, from 1 to 500 /<m, preferably from 2 
to 200 //m, and more preferably from 5 to 60 fim. 

[0021] The thickness on the base substrate of the indi- 
vidual layers (A), (B) and (C) having a high refractive index 
or a low refractive index is important for the optica] prop- 
erties of the pigment. To obtain the silver pigment with an 
intensive luster effect, the thicknesses of the individual 
layers have to be precisely adjusted with respect to one 
another. 

[0022] The thickness of the layer (A) or (C) is 5-200 nm, 
preferably 10-100 nm, and more preferably 20-70 nm. The 
Ti0 2 layers (A) and (C) can have identical or different 
thicknesses. The thickness of layer (B) is 10-300 nm, 
preferably 20-100 nm, and more preferably 30-80 nm. 

[0023] The pigments can contain a plurality of identical or 
different combinations of layer packets, but it is preferable 
to coat the substrate with only one layer packet (A)+(B)+ 
(C)+ optionally (O). To intensify the color strength, the 
pigment according to the invention can contain up to 4 layer 
packets, i.e., 1, 2, 3 or 4 packets. Layer sequences (A)+(B)+ 
(C)+(B)+(C), (A)+(B)+(C)+(B)+(C) + (B)+(C) and (A)+(B)+ 
(C)+(B)+(C)+(B)+(C)+(B)+(C) are possible. In this situa- 



US 2002/0104461 Al 



2 



Aug. 8, 2002 



tion the thickness of all the layers on the substrate should 
preferably not exceed 3 urn. It is preferable to apply an odd 
number of layers to the platelet-shaped substrate with a high 
refractive layer both as the innermost and outermost layer. 
Preference is given to a construction of three optical inter- 
ference layers in the sequence (A) (B) (C). 

[0024] Colorless low refractive index materials useful as 
the coating (B) are preferably metal oxides or those corre- 
sponding oxyhydrates, for example Si0 2 , A1 2 0 3 , AIO(OH), 
B 2 0 3 , MgF 2 , MgSi0 3 or a mixture thereof. Layer (B) is 
preferably an Si0 2 layer. 

[0025] The pigments according to the invention are easy to 
produce by generating a plurality of high and low refractive 
index interference layers having a precisely defined thick- 
ness and a smooth surface on the finely divided platelet- 
shaped substrates. 

[0026] The metal oxide layers are preferably applied wet 
chemically, for example by using the wet-chemical coating 
processes developed for producing pearl luster pigments. 
Such processes are described for example in DE 14 67 468, 
DE 19 59 988, DE 20 09 566, DE 22 14 545, DE 22 15 191, 
DE 22 44 298, DE 23 13 331, DE 25 22 572, DE 31 37 808, 
DE 31 37 809, DE 31 51 343, DE 31 51 354, DE 31 51 355, 
DE 32 11 602, DE 32 35 017 or else in further patent 
documents and other publications known to one skilled in 
the art. 

[0027] The substrate particles in a wet coating are sus- 
pended in water and admixed with one or more hydrolysable 
metal salts or a silicate solution at a suitable hydrolysis pH, 
chosen so that the metal oxides or oxyhydrates are directly 
precipitated onto the platelets without coprecipitations. The 
pH is customarily kept constant by simultaneous metered 
addition of a base and/or acid. The pigments are then 
separated off, washed and dried at 50-150° C. for 6-18 h and 
optionally calcined for 0.5-3 h, in which case the calcination 
temperature can be optimized with regard to the particular 
coating present. In general, the calcination temperatures are 
between 250 and 1000° C, preferably between 350 and 900° 
C. If desired, the pigments can be separated off, dried and 
optionally calcined after application of individual coatings 
and then resuspended to precipitate further layers. 

[0028] Furthermore, the coating may also be effected in a 
fluidized bed reactor by gas phase coating, in which case, for 
example, the processes proposed in EP 0 045 851 and EP 0 
106 235 for producing pearl luster pigments can be 
employed with appropriate changes. 

[0029] The hue of the pigments can be varied within very 
wide limits, subject to the silver effect obtained, by varying 
the coating rates and the resulting layer thicknesses. Beyond 
purely quantitative means, the fine adjustment for certain 
hues can be achieved by approaching the desired color under 
visual or instrumental control. 

[0030] To increase light, water and weather stability, it is 
frequently advisable, depending on the field of use, to 
subject the ready-produced pigment to an aftercoating or 
aftertreatment. Useful aftercoatings or after treatments 
include for example the processes described in DE-C 22 15 
191, DE-A31 51 354, DE-A32 35 017 or DE-A33 34 598. 
The aftercoating layer (D) further enhances the chemical 
stability and/or facilitates the handling of the pigment, 
especially its incorporation into various media. 



[0031] The pigments according to the invention are com- 
patible with a multiplicity of color systems, preferably in the 
field of coatings, paints and printing inks. To produce 
printing inks, for example for intaglio printing, flexographic 
printing, offset printing, offset overprint coating, there are a 
multiplicity of suitable binders, especially water-soluble 
grades as sold for example by the companies BASF, Marabu, 
Proll, Sericol, Hartmann, Gebr. Schmidt, Sicpa, Aarberg, 
Siegberg, GSB-Wahl, Follmann, Ruco or Coates Screen 
INKS GmbH. The printing inks can be waterborne or 
solventborne. Furthermore, the pigments are also useful for 
the laser marking of paper and plastics and also for appli- 
cations in the agricultural sector, for example, for green- 
house film, and also for the coloring of tarpaulins. 

[0032] Since the silver pigments according to the inven- 
tion combine superior luster with high transparency and a 
neutral masstone color, they can be used for obtaining 
particularly potent effects in various application media, for 
example, in cosmetic formulations, nail varnishes, lipsticks, 
compact powders, gels, lotions, soaps, toothpaste, coatings, 
automotive coatings, industrial coatings, powder coatings, in 
plastics, ceramics and, in the hobby sector, for window 
colors. 

[0033] It should be readily understood that for various end 
uses, the multilayer pigments may also be used with advan- 
tage in blends with organic dyes, organic pigments or other 
pigments, for example transparent, hiding white, color and 
black pigments and also with platelet-shaped iron oxides, 
organic pigments, holographic pigments, LCPs (liquid crys- 
tal polymers), and conventional transparent, colored and 
black luster pigments based on metal oxide coated mica and 
Si0 2 platelets etc. The multilayer pigments can be blended 
with commercially available pigments and fillers in any 
proportion. 

[0034] The pigments according to the invention are further 
useful for producing flowable pigment preparations and dry 
product forms, especially for printing inks, comprising one 
or more pigments according to the invention, binders and 
optionally one or more additives. 

[0035] Suitable binders are those which are commonly 
added to paints and varnishes and are listed, for example, in 
Karsten, Lackrohstofftabellen, 8 th edition, 1987. Suitable 
binders are of those binders or binder mixtures that are 
customarily used for printing inks, examples being those 
based on cellulose, polyacrylate, polymethacrylate, alkyd, 
polyester, polyphenol, urea, melamine, polyterpene, polyvi- 
nyl, polyvinyl chloride and polyvinylpyrrolidone resins, 
polystryrenes, polyolefins, indene-coumarone, hydrocarbon, 
ketone, aldehyde and aromatic-formaldehyde resins, car- 
bamic acid resins, sulfonamide resins and epoxy resins, 
polyurethanes and/or natural oils or derivatives of the sub- 
stances mentioned. 

[0036] Additives, for example, are pH regulators, defoam- 
ers, wetting agents, anti-settling agents, levelling agents, 
siccatives and thixotropic agents. These are auxiliaries cus- 
tomary in the coatings industry. 

[0037] The invention thus also provides for the use of the 
pigments in formulations such as paints, printing inks, 
including security printing inks, coatings, plastics, ceramic 
materials, glasses and cosmetic formulations. 
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[0038] The examples hereinbelow will now describe the 
invention more particularly without, however, limiting it. 

[0039] Without further elaboration, it is believed that one 
skilled in the art can, using the preceding description, utilize 
the present invention to its fullest extent. The following 
preferred specific embodiments are, therefore, to be con- 
strued as merely illustrative, and not limitative of the 
remainder of the disclosure in any way whatsoever. 

[0040] In the foregoing and in the following examples, all 
temperatures are set forth uncorrected in degrees Celsius; 
and, unless otherwise indicated, all parts and percentages are 
by weight. 

[0041] The entire disclosure of all applications, patents 
and publications, cited above or below, and of corresponding 
German application No. 10061178.8, filed Dec. 7, 2000, is 
hereby incorporated by reference. 

EXAMPLES 

Example 1 

[0042] 100 g of mica of particle size 10-60 /im in 2 1 of 
demineralized water is heated to 75° C. On attainment of this 
temperature, a solution of 3 g of SnCl 4 x5 H 2 0 in 90 g of 
water is gradually added to the mica suspension white 
stirring. The pH is kept constant at 2.0 using 32% aqueous 
sodium hydroxide solution. The pH is then lowered to 1.8 
and at this pH 270 g of 32% TiCl 4 solution is added in while 
the pH is kept constant using 32% aqueous sodium hydrox- 
ide solution. The pH is then raised to 7.5 and at this pH 270 
g of sodium silicate solution (13.5% by weight of SiO^ is 
gradually added in while the pH is kept constant at 7.5 using 
10% HC1. Next, 300 g of 32% TiCl 4 solution is added at pH 
1.8. After 0.5 h of stirring at pH 1.8, the coated mica pigment 
is filtered off, washed and dried at 110° C. for 16 h. Finally, 
the pigment is calcined at 800° C. for 1 h. 

Example 2 

[0043] 100 g of mica of particle size 10-60 in 2 1 of 
demineralized water is heated to 75° C. On attainment of this 
temperature, a solution of 3 g of SnCl 4 x5 H 2 0 in 90 g of 
water is gradually added to the mica suspension with vig- 
orous stirring, The pH is kepi constant al 2.0 using 32% 
aqueous sodium hydroxide solution. The pH is then lowered 
to 1.8 and at this pH 380 g of 32% TiCl 4 solution is added 
in while the pH is kept constant using 32% aqueous sodium 
hydroxide solution. The pH is then raised to 7.5 and at this 
pH 380 g of sodium silicate solution (13.5% by weight of 
SiO^ is gradually added in while the pH is kept constant at 
7.5 using 10% HQ. Next, 380 g of 32% TiCl 4 solution is 
added at pH 1.8. After 0.5 h of stirring at pH 1.8, the coated 
mica pigment is filtered off, washed and dried at 110° C. for 
16 h. Finally, the pigment is calcined at 800° C. for 1 h. 

Example 3 

[0044] 100 g of mica of particle size 10-60 fim in 2 1 of 
demineralized water is heated to 75° C. On attainment of this 
temperature, a solution of 3 g of SnCl 4 x5 H 2 0 in 90 g of 
water is gradually added to the mica suspension with vig- 
orous stirring. The pH is kept constant at 2.0 using 32% 
aqueous sodium hydroxide solution. The pH is then lowered 
to 1.8 and at this pH 220 g of 32% TiCl 4 solution is added 
in while the pH is kept constant using 32% aqueous sodium 



hydroxide solution. The pH is then raised to 7.5 and at this 
pH 215 g of sodium silicate solution (13.5% by weight of 
Si0 2 ) is gradually added in while the pH is kept constant at 
7.5 using 10% HC1. Next, 300 g of 32% TiCl 4 solution is 
added at pH 1.8. After 2.5 h of stirring at pH 1.8, the coated 
mica pigment is filtered off, washed and dried at 110° C. for 
16 h. Finally, the pigment is calcined at 800° C. for 1 h. 

Example 4 

[0045] 100 g of mica of particle size 10-60 ftm in 2 1 of 
demineralized water is heated to 75° C. On attainment of this 
temperature, a solution of 330 g of 32% TiCl 4 solution is 
added in while the pH is kept constant using 32% aqueous 
sodium hydroxide solution. The pH is then raised to 7.5 and 
at this pH 270 g of sodium silicate solution (13.5% by 
weight of Si0 2 ) is gradually added in while the pH is kept 
constant at 7.5 using 10% HC1. Next, 250 g of 32% TiCl 4 
solution is added at pH 2.2. After 5 h of stirring at pH 2.2, 
the coated mica pigment is filtered off, washed and dried at 
110° C. for 16 h. Finally, the silver pigment is calcined at 
800° C. for 1 h. 

[0046] The following table shows the calorimetric data of 
the pigments according to the invention in comparison with 
a silver pigment representing the prior art (Phyma-Lab 
values measured against black background with gloss 22.5°/ 
22.5°): 



Pigment 


L 


a 


b 


C 


Gloss 
number 


Hiding 
power 


Silver- colored pearl 


83.6 


-1.4 


-1.9 


2.4 


58.5 


30.6 


luster pigment Iriodin ® 














103 fTi0 2 mica pigment 














of particle size 10-60 /zm 














from Merck KGaA) 














Silver pigment of 


90.2 


-8.1 


-11.4 


14.0 


60.9 


33.6 


Example 1 














Silver pigment of 


93.0 


-5.5 


13.0 


14.1 


61.3 


37.0 


Example 2 














Silver pigment of 


79.2 


-10.3 


-23.3 


25.5 


59.8 


25.4 


Example 3 














Interference pigment of 


84.5 


-8.1 


-10.5 


13.3 


61.4 


27.2 


Example 4 















[0047] The preceding examples can be repeated with 
similar success by substituting the generically or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

[0048] From the foregoing description, one skilled in the 
art can easily ascertain the essential characteristics of this 
invention and, without departing from the spirit and scope 
thereof, can make various changes and modifications of the 
invention to adapt it to various usages and conditions. 



1. A silver-colored luster pigment comprising a multiply 
coated platelet-shaped substrate and at least one layer 
sequence of 

layer (A) a high refractive coating consisting of Ti0 2 
which has a thickness of 5-200 nm, 

layer (B) a colorless coating having a refractive index 
n^ 1.8 and a thickness of 10-300 nm, and 
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layer (C) a high refractive coating consisting of Ti0 2 
which has a thickness of 5-200 nm, and optionally 

layer (D) an outer, protective layer. 

2. A luster pigment according to claim 1, wherein the 
platelet-shaped substrate is a sheet silicate. 

3. A luster pigment according to claim 1, wherein the 
platelet-shaped substrate is a natural mica, a synthetic mica, 
talc, kaolin, a platelet-shaped iron oxide, a platelet-shaped 
aluminum oxide, a glass platelet, Si0 2 platelets, Ti0 2 plate- 
lets, A1 2 0 3 platelets, a graphite platelet, a synthetic support- 
free platelet, titanium nitride, titanium silicide, a liquid 
crystal polymer, a holographic pigment, BiOCl, platelet- 
shaped mixed oxides of FeTi0 3 or FeTiO s . 

4. A luster pigment according to claim 1, wherein layer 
(B) comprises silicon dioxide, aluminum oxide, AIO(OH), 
B 2 0 3 , MgSi0 3 , magnesium fluoride or mixtures thereof. 

5. A luster pigment according to claim 1, wherein layer 
(B) comprises silicon dioxide. 

6. A luster pigment according to claim 1, comprising a 
layer sequence of (A)+(B)+(C)+(B)+(C). 

7. A luster pigment according to claim 1 , comprising a 
layer sequence of (A)+(B )+(C)+(B )+(C)+(B)+(C). 

8. A luster pigment according to claim 1, comprising a 
layer sequence of (A)+(B)+(C)+(B)+(C)+(B)+(C)+(B)+(C). 

9. A luster pigment according to claim 1, wherein the 
platelet-shaped substrates are 0.005 to 10 in thickness, 
and 1 to 500 /*m in length. 

10. A luster pigment according to claim 9, wherein the 
platelet-shaped substrates are 0.5 to 5 jum in thickness, and 
independently of the thickness, 2 to 200 //m in length. 

11. A luster pigment according to claim 9, wherein the 
platelet-shaped substrates are 5 to 60 /im in length. 

12. A luster pigment according to claim 1, wherein layers 
(A) and (C) each independently of one another are 10 to 100 
nm thick. 

13. A luster pigment according to claim 1, wherein layers 
(A) and (C) each independently of one another are 20 to 70 
nm thick. 



14. A luster pigment according to claim 1, wherein layer 
(B)is 20 to 100 nm thick. 

15. A luster pigment according to claim 1, wherein layer 
(B) is 30 to 80 nm thick. 

16. A luster pigment according to claim 1, wherein the 
total thickness of all the layers on the substrate is at most 3 
jum. 

17. A luster pigment according to claim 8, wherein the 
total thickness of all the layers on the substrate is at most 3 
/im. 

18. A process for preparing a luster pigment of claim 1, 
wherein a substrate is coated wet chemically by hydrolytic 
decomposition of metal salts in an aqueous medium, or is 
gas phase coated in a fluidized bed reactor. 

1 9. A method of coloring a paint, a coating, a painting ink, 
a security printing ink, a plastic, a ceramic material, glasses, 
a cosmetic formulation, a nail varnish, a lipstick, a compact 
powder, a gel, a lotion, a soap, a toothpaste, an automotive 
coating, an industrial coating, a powder coating, or a win- 
dow by adding or applying a luster pigment of claim 1. 

20. A pigment preparation comprising at least one luster 
pigment according to claim 1, at least one binder, and 
optionally at least one additive. 

21. A pigment preparation according to claim 20 further 
comprising an organic dye, another pigment than a pigment 
according to claim 1, a liquid crystal polymer, a platelet- 
shaped iron oxide, a filler or mixtures thereof. 

22. A paint, a coating, a painting ink, a security printing 
ink, a plastic, a ceramic material, glasses, a cosmetic for- 
mulation, a nail varnish, a lipstick, a compact powder, a gel, 
a lotion, a soap, a toothpaste, an automotive coating, an 
industrial coating, a powder coating, or a window colored by 
the method according to claim 18, in the form of granules, 
chips, pellets and/or briquettes. 



